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Preface 



Amazingly for a procedure so fundamental to present-day biomedical research as well as 
medical diagnostics, development of the western blot occurred within the memory of 
many individuals who continue to work in these fields. That is, conversely, there are many 
investigators and clinicians presently working who recall the days prior to the western 
blot. The personal stories of how and why the technique was developed are given in this 
volume by the people intimately involved with this development. These stories date from 
only roughly 30 years ago. Since then, a very large number of variations on the theme of 
gel separation of biologic products by different parameters such as size or charge, followed 
by transfer to solid support and identification, have been developed. The present compila- 
tion brings together a large number of these techniques, some of which are adaptations of 
the original technique in order to solve a problem, whereas others are far flung and vastly 
different from how the original techniques were envisioned. The goal of our work is to 
not only compile the vast array of techniques based on western blot, but also give practical 
methods. We suspect that almost everyone involved in the enterprise has tried to bring a 
new technique to their laboratory by reproducing methods found in traditional publica- 
tions. Doing this is commonly fraught with difficulty and may take weeks to accomplish, 
or may be abandoned as impossible. We hope that investigators will be able to open this 
volume and rapidly begin to use a technique new to them and their laboratories because 
the chapters give detailed practical methods, tips, and alternatives. If you are able to open 
a chapter, and conveniently and quickly perform a new procedure in your laboratory, then 
we will have accomplished our goals in editing this work. 

Oklahoma City, OK R* Hal Scofield 

Biji T. Kurien 
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Chapter 1 



Origins of Protein Blotting 

Harry Towbin 



Summary 

The development of protein blotting in its early days is recounted as arising from the need to tackle a 
specific analytical problem. Combining diverse elements of common methods and simple lab equipment 
resulted in a procedure of general utility. The expansion of the idea of carrying out immunoassays on 
membranes as predecessors of microarrays is briefly touched upon. 

Key words: Blotting, Western, History, Protein array 



Easily persuaded by the editors' invitation to write about the origins 
of protein blotting, I begin the story in the laboratory of Julian 
Gordon at the Friedrich Miescher Institute in Basel. In need of 
a postdoctoral fellow, Julian had hired me in 1978 for the task 
of creating antibodies against ribosomal proteins. With some experi- 
ence in ribosomes and none in immunology, I set out to purify 
our proteins from chicken liver. We believed that it was neces- 
sary to get really fresh samples. So, together with a courageous 
colleague, who later turned to running a motorbike shop, 
we ventured to a slaughterhouse in the countryside. While we 
watched their grisly machinery, the friendly workers were cap- 
tivated by the fog running over the brim of the Dewars as the 
freshest ever chicken liver dropped into the liquid nitrogen. 

Back in the new and spacious laboratory, we struggled with 
ultracentrifuges, ample amounts of urea, and countless column 
fractions. We wondered whether the animals we were going to 
immunize would raise the antibodies we so eagerly sought. How 
could we ever be sure that we would not get antibodies to some 
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contaminants? We were lucky to be in contact with Theo Staehelin 
at Roche, a pioneer in the field of initiation factors for mam- 
malian protein synthesis who had ample expertise in ribosomes. 
Theo also told us about the new hybridoma technique. The idea 
of immunizing with mixtures of proteins and still getting an eternal 
source of a specific antibody was irresistible. After learning the 
secrets of the trade from Theo, we happily switched to mice and 
spared the rabbits and goats we had already injected to familiar- 
ize ourselves with time -honored immunological techniques. I was 
fascinated by precipitation arcs of the Ouchterlony double dif- 
fusion test and by the sensitivity of solid phase immunoassays 
achieved with remarkably simple equipment. Still, the problem of 
assuring specificity of hybridoma antibodies remained. 

A common way of characterizing ribosomal proteins was by 
electrophoresis on two-dimensional gels. Could one recover the 
proteins from the gel as the literature described and use them in 
these sensitive immunoassays? The extraction worked, in principle, 
but the bulk of homogenized polyacrylamide was deterring. Even 
today, few researchers take that approach for purifying proteins 
from gels. We also discarded the idea of letting the antibodies 
react with proteins in the gel because of the impeded diffusion 
within the polyacrylamide matrix. 

As the three of us later realized, the idea of preparing a replica 
of a protein gel on a membrane, in close analogy to Southern's 
DNA blotting, was in many people's mind (1). But how could we 
copy the proteins to a membrane? It was a lucky coincidence that 
Julian had an electrophoretic destainer in use. This apparatus, 
now rarely seen in the laboratory, served to remove excess stain 
from gels, simply by placing the gel between two grids and apply- 
ing current at a right angle to the plane of the sheet. The elec- 
trically charged dye molecules quickly cleared off the gel. Well, 
proteins were also charged - would they behave like the dye? 
The basic setup was quickly put together. Meticulously cleaning 
the destainer from residual amido black I remember as being the 
most tedious part of the chore. Pipette tip holders, Scotch Brite 
scouring pads, and rubber strings were all what was needed to 
build the sandwich that is still popular for protein blotting. A series 
of straightforward experiments showed us that the nitrocellulose 
sheets reliably captured the proteins as they were leaving the gel. 
From my wife, Marion, I knew about the art of immunohisto- 
chemical staining. One could easily test staining procedures by 
placing little dots of proteins directly on the membrane and running 
series of dilutions. Developing the first blot from a gel with anti- 
bodies thrilled me with bands that darkened within seconds. I felt 
like a child who reveals secret messages written in invisible ink by 
holding a sheet of paper over a flame. 

After publication of the method (2), it dawned on us that the 
blotting procedure might have some commercial value, after all. 
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We learned from the lawyers that we could still claim protection in 
some countries. We also learned how hard it was to define what 
was really new in an invention and also that there needed to be 
an unforeseen element in it. In some way, almost everything in 
our procedure had some precedence! We stand on the shoulders 
of giants, as every Google Scholar user knows. Finally, the patent 
application was written; the fact that Theo Staehelin was at Roche 
and Julian and myself at Ciba-Geigy, though unusual, was no 
impediment. 

The idea of placing proteins on nitrocellulose sheets by direct 
spotting, as trivial as it appeared, proved to be stimulating (3). 
You could easily probe little dots of protein on nitrocellulose 
or create sandwich tests, for example, for determining antibody 
subtypes in hybridoma supernatants. The potential of carrying 
out assays on arrayed protein spots, a bit awkwardly named dot 
immunobinding, was most clearly recognized by Julian. With the 
advent of spotting devices, always in the footsteps of DNA tech- 
nologies, protein arraying is only now gaining popularity. These 
efforts might all be viewed as aiming at eliminating the cumber- 
some gel electrophoresis step from western blotting. Also, for 
those weary of running gels and handling membranes, relief is 
in sight with a new system that automatically resolves proteins 
according to isoelectric point in a capillary (4). Still, as the con- 
tributions to this volume attest, membranes remain attractive 
supports, giving room for countless variations, unforeseen appli- 
cations, and an expanding nomenclature inspired from the compass 
set by E.M. Southern. 
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Chapter 2 



Western Blotting: Remembrance of Past Things 

W. Neal Burnette 



Summary 

Western blotting sprung from the need to develop a sensitive visual assay for the antigen specificity of 
monoclonal antibodies. The technique employed SDS-PAGE of protein antigens, electrophoretic replica 
transfer of gel-resolved proteins to unmodified nitrocellulose sheets, probing the immobilized antigens 
with hybridomas, and detection of antibody-antigen complexes with radiolabeled staphylococcal protein 
A and autoradiography. The simplicity and relevance of the method has led to its expansive application 
as an immunodiagnostic and a ubiquitous research tool in biology and medicine. 

Key words: Western blotting, SDS-PAGE, Electroblotting, Unmodified nitrocellulose, Immobi- 
lized replica, Antigen specificity, Antibody-antigen complex, Protein A 



Paraphrasing Plato, Jonathan Swift once famously observed that 
"Necessity is the Mother of Invention" (1). Such necessity was 
the antecedent of western blotting. The fact that similar tech- 
niques arose within the same time frame indicates the temporal 
pressure of an unfilled demand in biology and medicine - a common 
exigency to provide a tool by which to visualize specific antigens. 

The requirement that impelled the development of western 
blotting (2) in my laboratory came to light in 1977, when I 
moved to Robert Nowinski's RNA tumor virus group at the Fred 
Hutchinson Cancer Research Center. This was just at the time 
when monoclonal antibodies were first described by Kohler and 
Milstein (3), and Bob's group was developing monoclonal reagents 
as probes to assess the structural and immunologic nature of 
retrovirus proteins (4). It quickly became clear that there was no 
simple, objectively visual way to easily screen the vast numbers of 
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generated clones for their specificity toward individual structural 
polypeptides comprising the retrovirus envelope and core. 

Although the main focus of my work at the time was in other 
areas of retroviral research, I had a methodological background 
in electrophoretic antigen assessment; therefore, I agreed to 
undertake the effort in the Nowinski group to develop new and 
streamlined techniques to facilitate screening of the hybridomas 
for antigen specificity. Having been trained as a postdoc in Tom 
August's lab at Albert Einstein College of Medicine in radioim- 
munoassays, immunoprecipitation, and SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE), I attempted to conceive of ways in 
which these methods might be combined. RIAs had great sensi- 
tivity, but lacked the ability to give a simple picture of specificity, 
especially in complex protein mixtures. Conversely, immunopre- 
cipitation required radiolabeling of diverse antigen species and, 
while it provided reasonable sensitivity and definition of specificity 
when linked to SDS-PAGE and autoradiography, it was plagued 
by significant background that led to substantial uncertainty and 
was not easily adaptable to high -throughput screening. 

Launching into this project, essentially on my own and with- 
out benefit of knowledge of others who might be engaged in 
similar work, I attempted a wide array of techniques, hoping that 
I would stumble upon something useful or, at least, something 
that might light the pathway to proceed further. Here, I was trying 
through trial- and- error to fulfill another Swiftian dictum: 
"Discovery consists of seeing what everybody has seen and thinking 
what nobody else has thought" (1). In retrospect, some of the 
things I tried verged on the laughable. Nevertheless, the early 
work furnished me with the recognition that purified, radiola- 
beled (in this case, radioiodinated) staphylococcal protein A (5) 
provided a more functionally stable and "universal" imaging agent 
for detection of antigen-antibody complexes than did "second 
antibody" reagents. 

As incongruous as it might seem in the hindsight of nearly 
30 years, I struggled with how to apply the monoclonal anti- 
bodies (as well as monospecific antisera) to gel-separated antigens. 
The "Eureka" moment occurred while I was concomitantly per- 
forming other experiments that employed "Northern" blots (6), 
an effulgent clarity of vision that an immobilized "replica" of the 
PAGE -resolved proteins was to be an intrinsic element. Initially, I 
attempted passive transfer by placing gels in direct contact with 
derivatized, and later unmodified, nitrocellulose sheets. After 
overcoming problems associated with nonspecific binding of immu- 
noglobulin and protein A reagents to the nitrocellulose by the 
use of a blocking agent (I employed immunoglobulin- depleted, 
purified bovine serum albumin), it became apparent that capil- 
lary transfer was slow, inefficient, and resulted in unacceptable 
diffusional band-spreading of the gel-resolved antigens. 
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A second Archimedean moment occurred at this point, when 
I came across an old electrophoretic gel destainer that I had not 
used for years. Perhaps, I reasoned, if I could work fast enough 
or keep temperatures low enough to minimize band diffusion 
within the parent gel, and find electrophoretic conditions and 
nitrocellulose pore size to prevent driving the proteins out of the 
gel and through the paper, I might be able to make better "replicas" 
of the gel-resolved antigens. 

It only took about a week from this point to work out the 
"final" parameters of the basic electroblotting technique, and 
another few weeks to work on adaptations that could increase 
resolution and sensitivity in complex mixtures (e.g., cell culture, 
blood, tissue, and other clinical samples) using isotachophoresis 
in a first dimension, then applying such cylindrical gels to the 
SDS-PAGE slab gels. During this period, a manuscript was prepared 
and a discussion with Bob Nowinski ensued wherein the name 
"western blotting" was conceived. It was just at this time that 
the publication of Towbin et al. (7) appeared. Although the basic 
technique described by these investigators was similar, I believed 
that many of the simplifying and "universalizing" aspects of western 
blotting (e.g., unmodified nitrocellulose, radiolabeled protein A 
detection, 2-D separations, etc.) were sufficiently important to 
warrant submission of my manuscript. I also became aware at this 
time of the publication by Renart et al. (8); however, the tech- 
nique described in their paper employed conditions with which I 
had experimented (e.g., derivatized paper, passive capillary transfer, 
second antibody, etc.) and found wanting from the perspectives of 
simplicity, ease of use, resolution, sensitivity, and specificity. 

The manuscript was submitted to Analytical Biochemistry and 
was rejected without, it seemed, any recourse to resubmission. 
It was interesting to note that the rejection appeared to me to be 
based not on any technical criticisms or its ostensible similarity 
to the methods of Towbin et al. (7), but rather on the reviewers' 
sentiment of the pedestrian nature of the contribution and, particu- 
larly, to the flippant and frivolous whimsy in the name "western 
blotting." 

As previously documented (9), preprints of the rejected manu- 
script had been sent to colleagues, who subsequently provided them to 
others, and they to others until, eventually (even in this preelectronic 
era of written communications), it seemed as though this unpub- 
lished article had received wider distribution than many published 
ones. I only became aware of this subsequent to my move to the Salk 
Institute at the end of 1979. It was there that I was tracked down and 
spent a good part of every work day fielding telephonic questions 
about the technique and providing readable copies of the preprint 
- the original I had sent to a few colleagues had undergone many 
cycles of photocopy replication as it wended its way from lab to lab, 
the later generations being difficult to read. After about a half year 
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of operating this private "journal club," I called the editor-in-chief of 
Analytical Biochemistry^ he agreed that the situation was untenable, 
that the general immunoblotting technique (as well as the name 
"western blotting") was becoming widely accepted, and that the 
initial rejection of my manuscript was probably unfortunate. There- 
fore, I resubmitted the paper (with only very minor changes); it was 
accepted immediately, and finally published a few months later (2). 

For those who have felt the sting of journal rejection, it is 
worth noting that this paper has entered a small pantheon of 
the most highly cited scientific articles, all of which were initially 
rejected for publication (10). Humility is an oft-reinforced virtue 
in science; it is humbling to realize that this little paper on western 
blotting far transcended the sum of journal citations for all of my 
other published research efforts. Nevertheless, it is a source of 
immense satisfaction to have made - along with Towbin et al. (7) 
- a lasting contribution to the methodological armamentarium of 
biological and medical scientists. 

To complete the analogy hinted in the title of this review, 
I wish to thank the editors of this volume for providing me, like 
the proffered "madeleine" in Proust's A la recherche du temps 
perdu (11), the occasion for this reminiscence. 
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Chapter 3 



Introduction to Protein Blotting 

Biji T. Kurien and R. Hal Scofield 



Summary 

Protein blotting is a powerful and important procedure for the immunodetection of proteins following 
electrophoresis, particularly proteins that are of low abundance. Since the inception of the protocol for protein 
transfer from an electrophoresed gel to a membrane in 1979, protein blotting has evolved greatly. The scientific 
community is now confronted with a variety of ways and means to carry out this transfer. 

Key words: Western blotting, Sodium dodecyl sulfate polyacrylamide gel electrophoresis, Nitrocel- 
lulose membrane, Polyvinylidene difluoride membrane 



1. Introduction 



The transfer of macromolecules (proteins or nucleic acids) to 
microporous membranes is referred to as "blotting," and this 
term encompasses both "spotting" (manual sample deposition) and 
transfer from planar gels. Proteins that are resolved on sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE) 
gels are typically transferred to adsorbent membrane supports 
under the influence of an electric current in a procedure that 
is known as western blotting (WB) or protein blotting (1, 2). 
Nucleic acids are routinely transferred from agarose gels, to a 
membrane support, through capillary action (Southern blotting). 
Protein blotting evolved from DNA (Southern) blotting (3) and 
RNA (northern) blotting (4). The term "western blotting" was 
coined to describe (5) this procedure to retain the "geographic" 
naming tradition initiated by Southern's paper (3). The blotted 
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proteins form an exact replica of the gel and have proved to be 
the starting step for a variety of experiments. The subsequent 
employment of antibody probes directed against the membrane- 
bound proteins (immunoblotting) has revolutionized the field 
of immunology (Fig. 1). Dot blotting refers to the analysis of 
proteins applied directly to the membrane rather than after trans- 
fer from a gel. 

The utility of the high resolving power of SDS PAGE (6) was 
limited in purpose, owing to the fact that the separated proteins in 
the gel matrix were difficult to access with molecular probes, until 
the advent of protein blotting. Protein transfer with subsequent 
immunodetection has found wide application in the fields of life 
sciences and biochemistry. This procedure (1, 2) is a powerful tool 
to detect and characterize a multitude of proteins, especially those 
proteins that are of low abundance. It offers the following specific 
advantages: (a) wet membranes are pliable and are easy to handle 
compared with gels, (b) easy accessibility of the proteins immobi- 
lized on the membrane to different ligands, (c) only small amount of 



B 



SDS-PAGE 




Western Blotting 
and Detection 

C 










~ — 






— 


1 


i 


Wester 

r 


n blot 




i 


Develop color 


— — 






_ £* 


1 


Blot from gel 


\ 


> 


A„ 




Add ^ 
primary 
anti- 
body 


= 1 


enzyme 
conjugate 





Fig. 1. Schematic of western blotting and detection procedure: (A) Unstained SDS PAGE gel prior to western blot. The 
bands shown are hypothetical. (B) Exact replica of SDS PAGE gel obtained as a blot following western transfer. (C) 
Primary antibody binding to a specific band on the blot. (D) Secondary antibody conjugated to an enzyme (alkaline 
phosphatase or horse radish peroxidase) binding to primary antibody. (E) color development of specific band (reproduced 
from (10) with permission from Elsevier). 
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reagents is required for transfer analysis, (d) multiple replicas of a gel 
are possible, (e) prolonged storage of transferred patterns, prior to 
use, becomes possible, and (f) the same protein transfer can be used 
for multiple successive analyses (7-9). 

Protein blotting has been evolving constantly, since its inception, 
and now the scientific community is faced with a multitude 
of ways and means of transferring proteins (10). Nonetheless, 
western blot sensitivity is dependent on efficiency of blotting or 
transfer, retention of antigen during processing, and the final 
detection/amplification system used. Results are compromised if 
there are deficiencies in any of these steps (11). 



1. 1. Blotting Efficiency 



The efficient transfer of proteins from a gel to a solid membrane 
support depends greatly on the nature of the gel, the molecular 
mass of the proteins being transferred, and the membrane used. 
Running the softest gel, in terms of acrylamide and cross-linker 
that yields the required resolution, is the best option. Transfer 
becomes more complete and faster with the use of thinner gels. 
However, the use of ultrathin gels may cause handling problems, 
and a 0.4-mm thickness represents the lower practical limit (12). 
Proteins with a high molecular mass blot poorly following SDS 
PAGE, resulting in low levels of detection on immunoblots. How- 
ever, the efficiency of transfer of such proteins has been facilitated 
with heat, special buffers, and partial proteolytic digestion of the 
proteins prior to transfer (11, 13-17). 



2. Immobilizing 
Supports for Protein 
Transfer 



A wide range of solid phases are available for immobilization, ranging 
from the truly solid phase such as glass or plastic to latex and 
cellulose that are porous. The most common phases used for 
blotting comprise microporous surfaces and membranes such as 
cellulose, nitrocellulose (NC), polyvinylidine diflouride, cellulose 
acetate, polyethane sulfone, and nylon. The unique properties 
of microporous surfaces that make them suitable for traditional 
assays such as western blotting are (a) large volume -to -surface 
area ratio, (b) high binding capacity, (c) short- and long-term 
storage of immobilized molecules, (d) ease of processing by allow- 
ing a solution phase to interact with the immobilized molecule, 
(e) lack of interference with the detection strategy, and (f) repro- 
ducibility. These properties are useful for the high-thoroughput 
assays used in the postgenomic era as well (2, 4, 14, 18, 19). 

Typically, these microporous surfaces are used in the form of 
membranes or sheets with a thickness of 100 |Lim and possessing 
an average pore size that ranges from 0.05 to 10 |Lim in diameter. 
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The interaction of biomolecules with each of these membranes is 
not completely understood, except for the fact that it is generally 
known to be noncovalent (20, 21). 

Regardless of the type of membrane used, it must be borne in 
mind that exceeding the protein binding capacity of the membrane 
used tends to reduce the signal obtained in immunoblotting. Excess 
protein, weakly associated with the membrane, is readily accessible 
to react with the primary antibody or any other ligand in solution 
(e.g., lectin). However, the resulting antibody-protein complexes 
will easily wash off during further processing of the membrane. Such 
a scenario would not have prevailed if the protein had initially made 
good contact with the membrane (18). 



2. 1. Nitrocellulose 
Membranes 



Nitrocellulose (NC) is perhaps the most versatile of all the sur- 
faces mentioned earlier for the immobilization of proteins, glyco- 
proteins, or nucleic acids (3, 4, 19). In addition to traditional 
blotting, NC is used in high -throughput array, immunodiagnos- 
tic as well as mass spectrometry- coupled proteomic applications, 
filtration/concentration, ion exchange, and amino acid sequencing 
in addition to traditional blotting procedures. It was Southern 
who first demonstrated (in 1975) the usefulness of NC to capture 
nucleic acids. Towbin in 1979 (1) and Burnette in 1981 (5) 
showed that NC could also be used for proteins. 

This unique polymer derived from cellulose has been used as 
the most common immobilization surface in biological research 
for over 65 years. Since high -throughput methodologies for 
proteomics and genomics rely heavily on traditional concepts of 
molecular immobilization followed by hybridization binding 
or analysis, NC continues to be useful in postgenomic era tech- 
nology (19). 



2. 1. 1. Synthesis of Nitro- 
cellulose from Cellulose 



Treatment of cellulose with nitric acid results in the hydroxyl moieties 
on each sugar unit of cellulose being substituted by nitrate groups, 
resulting in NC. Organic solvents readily dissolve dry NC resulting 
in the formation of a lacquer. When the solvents are evaporated the 
polymer is deposited as a thin film. By including a nonsolvent such 
as water in the lacquer pores, nonsolvent can be introduced into 
the film to create a microporous membrane. Pore formation is a 
consequence of differential evaporation of the nonsolvent and the 
solvent. Therefore, pore size and porosity can be readily controlled 
by the amount of the nonsolvent in the lacquer (2). The pore size 
of 0.45 |Lim refers to the average effective diameter of the irregular 
long and tortuous channels that traverse the membrane. The pores 
of 0.45 |Lim in NC membranes account for about 80% of the filter's 
volume reaching an average density of 450 x 10 6 /ari 2 (18). In the 
blotting process, the membrane needs to be porous to allow it to be 
saturated with buffer and will permit the required flow of current or 
liquid for electro and convection blotting. 
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2. 1.2. Immobilization 
Mechanism 



Even though the exact mechanism by which biomolecules interact 
with NC is unknown, several lines of evidence suggest that the 
interaction is noncovalent and hydrophobic. One evidence favoring 
hydrophobic interaction is the fact that since most proteins at pH 
values above 7 are negatively charged, it is surprising that NC 
which is also negatively charged can bind proteins efficiently. An 
additional fact is that nonionic detergents (such as Triton X-100) 
are effective in removing bound antigens from NC (8). 

High concentrations of salt and low concentrations of meth- 
anol increase immobilization efficiency (22). NC is unique, when 
compared with other microporous membranes, in its ability to 
distinguish between single- and double -stranded nucleic acids, 
small and large proteins, short and long nucleic acids, and com- 
plexed versus uncomplexed molecules (22). 

It can be stained with amido black (4), Coomassie Brilliant 
Blue (CBB) (1), aniline blue black, Ponceau S, fast green, or 
toluidine blue. Amido black staining can detect a 25-ng dot of 
bovine serum albumin readily with acceptable background stain- 
ing. The background staining tends to be higher with CBB while 
Ponceau S gives a very clean pattern but with slightly less sensitiv- 
ity than amido black. 



2. 1.3. Disadvantages ofNC 



One clear disadvantage of NC is the fact that it cannot be stripped 
and reprobed multiple times owing to its fragile nature. It also 
has a tendency to become brittle when dry. In addition, small 
proteins tend to move through NC membranes and only a small 
fraction of the total amount actually binds. Using membranes 
with smaller pores can obviate this (12). Gelatin-coated NC has 
been used for quantitative retention (10, 23). In supported NC 
(e.g., Hybond-C Extra), the mechanical strength of the mem- 
brane has been improved by incorporating a polyester support 
web, thereby making handling easier. 



2.2. Polyvinylidene 
Difluoride 



Polyvinylidene difluoride (PVDF) is a linear polymer with repeating 
-(CF -CH )- units. The use of "di" in polyvinylidene ^fluoride 
is redundant (including its use here) and its use needs to be dis- 
couraged (2). Polyvinylidene fluoride or polyvinylidene difluoride 
refers to the same membrane first made available for protein blot- 
ting by Millipore in June of 1986. The product was renamed as 
Immobilon-P™ Transfer Membrane after being initially referred to 
as Immobilon™ PVDF transfer membrane to differentiate it from 
other PVDF and non-PVDF-based blotting membranes referred 
to collectively as Immobilon family and marketed by Millipore. 
Immobilon-P SQ membrane with a 0.2-|Lim pore size suitable for 
proteins with a molecular weight less than 20,000 (to prevent 
blow through) and Immobilon-FL membrane optimized for all 
fluorescence applications also form part of the Immobilon family of 
PVDF membranes, added recently. Sequelon (24), a PVDF- based 
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2.2. 1. Immobilization 
Mechanism 



sequencing membrane, sold by Milligen/BioSearch, a Millipore 
subsidiary is advantageous because of high protein binding capac- 
ity, physical strength, and chemical stability. 

Proteins transferred to the Immobilon-P membrane during western 
transfer are retained well on the membrane surface throughout 
the immunodetection process via a combination of dipole and 
hydrophobic interactions. The antigen binding capacity of the 
membrane is 170 |Llg/cm 2 for bovine serum albumin and this is 
proportionate with the binding capacity of NC. In addition, the 
Immobilon-P membrane has very good mechanical strength and 
like Teflon™ (a related fluorocarbon polymer) it is compatible with 
a range of chemicals and organic solvents [acetonitrile, trifluoro- 
acetic acid, hexane, ethylacetate, and trimethylamine (2, 25) J. 

Blotting mechanics are not different from those seen with 
NC, except that it is necessary to pre wet the membrane in either 
methanol or ethanol before using with aqueous buffers. This is 
because PVDF is highly hydrophobic and there is no added sur- 
factant in PVDF. 



2.2.2. Advantages of PVDF 



2.3. Activated Paper 



2.4. Nylon Membranes 



One of the advantages of electroblotting proteins onto PVDF 
membranes is that replicate lanes from a single gel can be used 
for various purposes such as N-terminal sequencing, proteolysis/ 
peptide separation/internal sequencing along with western anal- 
ysis. Proteins blotted to PVDF membranes can be stained with 
amido black, India ink, or silver nitrate (26). These membranes 
are also amenable to staining with CBB, thus allowing excision 
of proteins for N-terminal protein sequencing, a procedure first 
demonstrated by Matsudaira in 1987 (25). 

Activated paper (diazo groups) binds proteins covalently but is 
disadvantageous in that the coupling method is incompatible with 
many gel electrophoresis systems. Linkage is through primary 
amines, and therefore systems that use gel buffers without free 
amino groups must be used with this paper. In addition, the 
paper is expensive and the reactive groups have a limited half-life 
once the paper is activated. 

Nylon- based membranes are thin and smooth surfaced as NC but 
with much better durability. Two kinds of membranes are available 
commercially: Gene Screen and Zetabind (ZB). ZB is a nylon matrix 
(polyhexamethylene adipamine or Nylon 66) modified by the addi- 
tion of numerous tertiary amino groups during the manufactur- 
ing process (extensive cationization). It has excellent mechanical 
strength and also offers the potential of very significant (yet revers- 
ible) electrostatic interactions between the membrane and poly- 
anions. Nylon shows a greater protein binding capacity compared 
with NC (480 |Lig vs. 80-|Lig BSA bound/cm 2 ). In addition, nylon 
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2.4.1. Disadvantages 
of Nylon 



offers the advantages of more consistent transfer results and a 
significantly increased sensitivity compared with other membranes 
(7, 18). This effect is possible owing to the extra potential difference 
created by the positive charge of ZB. 

The high binding capacity of these membranes, however, pro- 
duces higher nonspecific binding. Another problem with using 
nylon membranes is that they bind strongly to the commonly 
used anionic dyes such as CBB, amido black 10B (18), aniline 
blue black, Ponceau S, fast green, or toluidine blue. SDS, dodecyl 
trimethylammonium bromide, or Triton X-100 at low concentra- 
tions (0.1% in water) remove the dyes from the membrane while 
simultaneously destaining the transferred proteins, with SDS 
being the best. Destaining of this membrane is thus not possible, 
unlike NC, and therefore the background remains as high as the 
signal (8). On account of these problems, NC membranes have 
remained the best compromise for most situations. However, an 
immunological stain and India ink have been used to detect pro- 
teins on ZB (27 \ 28) and NC membranes. 

Nylon membranes, especially the positively charged ZB mem- 
branes, have been found very useful in binding the negatively 
charged DNA. As a consequence it has been used more for DNA 
blotting than for protein blotting. 



3. Buffers Used in 
Transfer Protocols 



Commonly used buffers for western blotting are (a) Towbin sys- 
tem buffer [25 mM Tris, 192 mM glycine, 20% methanol (v/v), 
none to 0.01% SDS (1)J and (b) CAPS buffer system [CAPS: 10 
mM 3-(cyclohexyl-amino)-l-propanesulfonic acid, 10% methanol 
(v/v), pH 11] for transfer to PVDF popularized by Matsudaira 
(24) for use prior to in situ blot sequencing. Transfer buffers 
without SDS are better, in general, when using Immobilon-P, 
since proteins have been reported to pass through the plane of 
the membrane in the presence of SDS (29, 30). However, for 
proteins that have a tendency to precipitate, SDS should be in the 
buffer (<0.01%) during the transfer, and then one must fine-tune 
transfer time, current, etc. The Towbin system is used widely 
for applications that require immunodevelopment while the low 
ionic strength buffer system of Matsudaira (25) allows rapid 
transfer (ca. 10 min) and prevents introduction of additional Tris 
and glycine that is detrimental to sequence analysis using PVDF 
membranes. 

Methanol, introduced originally by Towbin, is typically present 
in the transfer buffer and aids in stripping SDS from proteins 
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transferred from denaturing SDS -containing polyacrylamide gels. 
It stabilizes the geometry of the gel during the transfer process, 
and tends to increase the binding capacity of NC for protein as 
well as helps proteins to bind better to NC membrane (5, 8, 18, 
31). Methanol can be eliminated completely from transfer buffer 
when using Immobilon-P membranes as well as NC. Ten to fif- 
teen percent methanol is suggested for general protein transfer 
(standard Towbin buffer used 20% methanol). Methanol shrinks 
the gel, and therefore when transferring high molecular weight 
proteins (>1 50,000) best results are obtained without added 
methanol. Nonmethanolic transfer is also advised when enzyme 
activity needs to be preserved as well as when transferring con- 
formation-sensitive antibodies. PAGE gels tend to swell in low 
ionic strength buffers in the absence of methanol. The "bands" 
may become distorted if this swelling is allowed to occur during 
protein transfer. Preswelling of the gel by incubating it in transfer 
buffer for 30 min to 1 h prior to transfer has been shown to pre- 
vent this problem (5, 8). 



4. Settings 
(Current/Voltage) 
for Protein 
Transfer 



Some of the issues to be considered before electrotransfer include 
deciding on whether to use constant voltage or constant current 
and the use of tank of semidry electroblotting units. The use of 
constant voltage provides the best driving force (that is, potential 
difference) during transfer (2). The buffer composition changes 
as salts are eluted from the gels, resulting in an increase in current 
and a drop in resistance (8, 18). However, joule heating can cause 
an accompanying rise in current. Ohm's law states that voltage 
( V) = current (I) x resistance (R). A transfer using constant voltage 
leads to an increase in current and a decrease in resistance while 
a transfer using constant current leads to decrease in voltage as well 
as resistance (I = V/R). When current reaches over 500 mA in 
a constant voltage setting, heating can be a problem in tank 
buffer systems and the use of cooling elements has been recom- 
mended in such a scenario. However, constant voltage transfer can 
be efficiently carried out using heated buffer, from which methanol 
was omitted, to transfer high molecular weight proteins (17, 32). 
Semidry blotters have been used to rapidly transfer proteins 
electrophoretically without excessive heat, using small volumes 
of buffer, short electrode distances, and planar electrodes that 
also serve as heat sinks (33). 

Low molecular weight proteins are preferentially eluted from 
the gel into the plane of the blotting membrane when a planar gel 
having electrophoretically resolved protein is exposed to a current 
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perpendicular to its surface. As a result, large molecular weight 
proteins will be undertransferred under conditions optimized for 
transfer of low molecular weight polypeptides. On the other hand, 
a prolonged transfer will help the movement of large molecular 
weight species with accompanying loss of smaller species con- 
sequent to "blow through." A second sheet of membrane as a 
"backup" is useful to capture proteins that span a large molecular 
weight range. The use of gradient electric fields to reduce overall 
current use and allow the quantitative transfer of a wide range of 
proteins has been suggested (18). Another approach involves a 
two-step electrotransfer beginning with elution of low molecular 
weight proteins at low current (1 mA/cm 2 ) for an hour followed 
by transfer at high current density (3.5-7.5 mA/cm 2 ), which aids 
the elution of high molecular weight proteins (34). Recent work 
has shown the utility of heated buffer to transfer high molecular 
weight proteins rapidly (17, 32). 



5. Techniques to 
Transfer Proteins 
from Gel to 
Membrane 



Transfer of proteins from SDS-PAGE or native gels to nitrocellu- 
lose or PVDF membranes has been achieved by (a) simple diffusion, 
(b) vacuum -assisted solvent flow, and (c) "western" blotting or 
electrophoretic elution (4, 12, 35-39). 



5. 1. Simple Diffusion 



Diffusion blotting was originally developed for transferring pro- 
teins separated by isoelectric focusing on thin gels to membranes 
and this was later expanded to other gel systems (32, 40-46). In 
this procedure a membrane is placed on the gel surface with a 
stack of dry filter papers on top of the membrane. A glass plate 
and an object with a certain weight are usually placed on this 
assembly to enable the diffusion process. However, since there 
is no quantitative transfer of protein this protocol has not gained 
widespread acceptance. A waning interest in diffusion transfer 
was resuscitated when it was demonstrated that up to 12 blots 
can be obtained from a single gel by sandwiching it between two 
membranes sequentially (see Chapter "Non-electrophoretic 
bi-directional transfer of a single SDS-PAGE gel with multiple 
antigens to obtain twelve immunoblots") (Fig. 2) (31). 

Nonelectrophoretic membrane lifts from SDS-PAGE gels for 
immunoblotting, obtained by using this method, are very useful for 
identification of proteins by mass spectrometry (47, 48). The gel 
can be stained with Coomassie following diffusion blotting. The 
antigens on the blot are detected by immunostaining, and the 
immunoblotted target band can be compared with the Coomas- 
sie-stained gel by superimposing the blot and the stained gel, 
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Fig. 2. Bidirectional, nonelectrophoretic transfer of proteins from SDS-PAGE gels to NC membranes to obtain up to 12 
blots. The PAGE gel is sandwiched between two membranes, filter paper, and glass plates and incubated at 37°C for 
varying periods of time to obtain up to 1 2 blots (reproduced from (10) with permission from Elsevier). 



allowing the identification of the band to be excised for tryptic 
digestion and subsequent matrix- assisted laser desorption time of 
flight mass spectrometric analysis. The main advantage of diffusion 
blotting compared with electroblotting is that several transfers or 
imprints can be obtained from the same gel and different antisera 
can be tested on identical imprints. 

Subsequently, quantitative information regarding protein 
transfer during diffusion blotting was obtained using 14 C -labeled 
proteins. A 3-min diffusion blotting was shown to allow a transfer of 
10% compared with electroblotting. Diffusion blotting of the 
same gels carried out multiple times for prolonged periods at 
37°C causes the gel to shrink. This can be overcome by using 
gels cast on plastic supports (44, 45). 

Zymography or activity gel electrophoresis has also been 
studied with regard to the utility of diffusion. This involves 
the electrophoresis of enzymes (either nucleases or proteases) 
through discontinuous polyacrylamide gels containing enzyme 
substrate (either type III gelatin or (3 -casein). Following electro- 
phoresis, SDS is removed from the gel by washing in 2.5% Triton 
X-100. This allows the enzyme to renature, and the substrate 
to be degraded. Staining of the gel with CBB (in the case of 
proteins) allows the bands of enzyme activity to be detected as 
clear bands of lysis against a blue background (49). An additional 
immunoblotting analysis using another gel is often required in 
this procedure to examine a particular band that is involved. Diffusion 
blotting has been used to circumvent the use of a second gel for 
this purpose (45). The activity gel was blotted onto PVDF 
for immunostaining and the remaining gel after blotting was 
used for routine "activity staining." Since the blot and the activity 
staining are derived from the same gel, the signal localization in 
the gel and the replica can be easily aligned for comparison. 
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Diffusion blotting transfers 25-50% of the proteins to the 
membrane compared with electroblotting (45). However, the 
advantage of obtaining multiple blots from the same gel could 
outweigh the loss in transfer and actually be compensated for 
by using sensitive detection techniques. The gel remains on its 
plastic support, which prevents stretching and compression; this 
ensures identical imprints and facilitates more reliable molecular 
mass determination. If only a few imprints are made, sufficient 
protein remains within the gel for general protein staining. These 
advantages make diffusion blotting the method of choice when 
quantitative protein transfer is not required. 



5.2. Vacuum Blotting 



This method was developed (50) as an alternative to diffusion 
blotting and electroblotting. The suction power of a pump con- 
nected to a slab gel dryer system was used to drive the separated 
polypeptides from the gel to the nitrocellulose membrane. Both 
low and high molecular weight proteins could be transferred using 
this method. Since small molecular weight proteins (±14,000) 
are not well adsorbed by the 0.45 -|Lim membrane nitrocellulose, 
membranes with a small pore size (0.2 or 0.1 |Lim) should be used 
when using low molecular weight proteins. 

The gel can dry out if the procedure is carried out over 45 
min and in such a scenario enough buffer should be used. In 
some instances low- concentration polyacrylamide gels stick to the 
membrane following transfer. Rehydrating the gel helps detach- 
ing the nitrocellulose membrane from the gel remnants. 



5.3. Electroblotting 



Electroblotting is the most commonly used procedure to transfer 
proteins from a gel to a membrane. The main advantages are the 
speed and the completeness of transfer compared with diffusion or 
vacuum blotting. Electroelution can be achieved either by (a) com- 
plete immersion of a gel-membrane sandwich (Fig. 3) in a buffer 
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Fig. 3. The western blot transfer assembly (reproduced from (10) with permission from Elsevier). 
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(wet transfer) or by (b) placing the gel-membrane sandwich between 
absorbent papers soaked in transfer buffer (semidry transfer). 

The transfer conditions as such are dependent on gel type, the 
immobilization membrane, the transfer apparatus used as well as the 
protein themselves. SDS gels, urea gels (4), lithium dodecyl sulfate-con- 
taining gels, nondenaturing gels, two-dimensional gels, and agarose gels 
have been used for protein blotting (electrophoretic) (18). The electric 
charge of the protein should be determined and the membrane should 
be placed on the appropriate side of the gel. When using urea gels the 
membrane should be placed on the cathode side of the gel (4). Proteins 
from SDS PAGE gels are eluted as anions and therefore the filter should 
be placed on the anode side of the gel. 



5.5.7. Wet Transfer 



In this procedure, the sandwich is placed in a buffer tank with 
platinum wire electrodes. A large number of different appara- 
tuses are available to efficiently transfer proteins (or other macro- 
molecules) transversely from gel to membrane. Most of these, 
however, are based on the design of Towbin et al. (1), that is, they 
have vertical stainless steel/platinum electrodes in a large tank. 



5.3.2. "Semidry" Transfer 



In semidry transfer, the gel-membrane sandwich is placed between 
carbon plate electrodes. Semidry or horizontal blotting uses two 
plate electrodes (stainless steel or graphite/carbon) for uniform 
electrical field over a short distance, and sandwiches between 
these up to six gel/membrane/filter paper assemblies, all well 
soaked in the transfer buffer. The assembly is clamped or other- 
wise secured on its side, and electrophoretic transfer is effected in 
this position, using as transfer buffer only the liquid contained in 
the gel and filter papers or other pads in the assembly. 

The advantages to this procedure over the conventional 
upright protocol are that (a) gels can be blotted simultaneously, 
(b) electrodes can be cheap carbon blocks, and (c) less power is 
required for transfer (and therefore a simpler power pack). 

As will be seen in the following chapters, protein blotting 
has been evolving constantly and now the scientific community 
is faced with a plethora of ways and means of transferring and 
detecting proteins. 
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Chapter 4 



Simultaneous Immunoblotting Analysis with Activity Gel 
Electrophoresis and 2-D Gel Electrophoresis 

Der-Yen Lee and Geen-Dong Chang 



Summary 

Diffusion blotting method can couple immunoblotting analysis with another biochemical technique in 
a single polyacrylamide gel, however, with lower transfer efficiency as compared with the conventional 
electroblotting method. Thus, with diffusion blotting, a protein blot can be obtained from a sodium 
dodecyl sulfate polyacrylamide gel for zymography assay, from a native polyacrylamide gel for electro- 
phoretic mobility shift assay (EMSA), or from a two-dimensional (2-D) polyacrylamide gel for large-scale 
screening and identification of a protein marker. Therefore, a particular signal in zymography, EMSA, 
and 2-D gel can be confirmed or identified by simultaneous immunoblotting analysis with a correspond- 
ing antiserum. These advantages make diffusion blotting desirable when partial loss of transfer efficiency 
can be tolerated or can be compensated by a more sensitive immunodetection reaction using enhanced 
chemiluminescence substrates. 

Key words: Diffusion blotting, Zymography, Electrophoretic mobility shift assay, Autoantigen 



1. Introduction 



Diffusion blotting is originally developed for isoelectric focusing 
(IEF) gels or ultrathin gels (1-4) , which requires laying a blot- 
ting membrane on the gel surface and a stack of dry filter paper 
on top of the blotting membrane. Usually a glass plate and an 
object carrying certain weight is further stacked on the filter to 
facilitate the diffusion process. It is more suitable using diffusion 
blotting than the electrophoretic blotting for certain applications 
such as electrophoresis on gels bound on plastic sheets (3, 4), 
multiple blotting from a single gel (1, 4, 5), and simultaneous 
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immunoblotting analysis with activity gel electrophoresis such as 
proteolytic zymography and electrophoretic mobility shift assay 
(EMSA) (6). 

We have previously demonstrated several applications of 
diffusion blotting (6). They are (1) multiple blotting, (2) com- 
bined immunoblotting analysis with gel staining, (3) combined 
immunoblotting analysis with proteolytic zymography, and (4) 
combined immunoblotting analysis with EMSA from a single gel. 
In activity gel electrophoresis, several positive signals are fre- 
quently observed, which requires an additional immunoblotting 
analysis in another gel to examine a particular protein involved. A 
method of simultaneous immunoblotting analysis with EMSA has 
been reported as "shift- western blotting" (7). In this method, a 
nitrocellulose filter and an anion -exchange membrane are stacked 
together for electroblotting of proteins and the radioactive DNA, 
respectively, following native gel electrophoresis. The protein- 
DNA complex was detected by autoradiography of the DNA blot 
and by immunoblot analysis of the protein blot (7-10). Simulta- 
neous immunoblotting analysis can also be done with activity gel 
electrophoresis on the same gel with diffusion blotting. Because 
the blot and the activity staining are derived from the same gel, 
the localization of signals in the gel and the replica can be easily 
aligned for comparison. In this chapter we describe protocols for 
combined immunoblotting analysis with proteolytic zymography 
in identifying nephrosin in carp tissue extracts (Fig. 1 ) and combined 
multiple immunoblotting analysis with silver staining of mouse 
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Fig. 1. Simultaneous immunoblotting analysis for nephrosin and proteolytic zymogra- 
phy assay of carp tissue extracts. Four microliters of carp tissue extracts was ana- 
lyzed by SDS-PAGE in a gel containing 0.2% gelatin. After electrophoresis, the proteins 
were blotted by diffusion blotting and immunodetected by an antinephrosin antiserum 
(right panel). The remaining gel was treated for the proteolytic zymography assay (left 
panel). 
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Fig. 2. Simultaneous multiple immunoblotting analysis and silver staining of mouse liver microsomal proteins resolved 
by 2-DE. Forty micrograms of mouse liver microsomal proteins was resolved by a 7 cm x 8 cm, 2-D polyacrylamide gel. 
After 2-D gel electrophoresis, the gel was blotted with two pieces of PVDF membrane for 2 h. One membrane was then 
probed with an anti-PDI and the other with an anti-GRP78 serum. The remaining gel was subjected to silver staining to 
reveal each protein spot. Theoretical pl/M of PDI and GRP78 are 4.77/57058.49 and 5.07/72332.96, respectively. 



microsomal proteins resolved by 2-D gel electrophoresis in iden- 
tifying endoplasmic reticulum markers such as protein disulfide 
isomerase (PDI) and glucose-regulated protein 78 (GRP78) 
(Fig. 2). Potentially, simultaneous immunoblotting analysis with 
silver staining on a 2-D gel can be applied in large-scale screening 
and identification of protein markers such as antoantigens and 
tumor markers (11-13) in the future. 



2. Materials 



2. 1. Preparation of 
Carp Tissue Extracts 
for Zymography (14) 



1. Fresh carp tissues: brains, gills, head kidneys, heart, kidneys, 
spleens. 

2. TE buffer: 20 mM Tris-HCl, pH 8, 5 mM EDTA. 

3. 2x Sodium dodecyl sulfate (SDS) sample buffer: 0.1 M Tris- 
HCl, pH 7.8, 8% SDS, 24% glycerol, and 0.002% bromophe- 
nol blue. 



2.2. Preparation of 
Mouse Liver Micro- 
somal Fraction (15) 
forlEF 



1. Fresh ICR mouse livers. 

2. Extraction buffer: 20 mM Tris-HCl, pH 8, 0.15 M NaCl, 
0.25 M sucrose, and 1 mM dithioerythreitol (DTE). 

3. 10% Triton X-100 solution. 

4. 20% Trichloroacetic acid (TCA) solution. 
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2.3. Isoelectric 


1. 


Focusing 






2. 




3. 




4. 




5. 




6. 


2.4. SDS-PAGE (16) 


1. 



2.5. Diffusion 
Blotting (6) 



5. Acetone is kept at -2 0°C. 

6. Rehydration buffer contains 1.5% 3-10 IPG buffer (Amer- 
sham Biosciences Ltd., Piscataway, NJ, USA) and 100 mM 
DTE in FOCUS ™ extraction buffer III (Geno Technology, 
Inc., Maryland Heights, MO, USA) (see Note 1). 



Ettan IPGphor Focusing system (Amersham Biosciences 
Ltd.). 

Rehydration buffer (see Subheading 2.2, item 6). 

IPG strip: Immobiline™ DryStrip, pH 3-10, 7 cm (Amer- 
sham Biosciences Ltd.). 

Strip holder, 7 cm (Amersham Biosciences Ltd.). 

IPG Cover Fluid (Amersham Biosciences Ltd.). 

SDS equilibration buffer: 0.1 M Tris-HCl, pH 7.8, 1% SDS, 
0.002% bromophenol blue. 



1. Hoefer SE-250 and SE-260 Mighty small II gel system 
(Amersham Biosciences Ltd.). 

2. Acrylamide/bis-acrylamide solution (50% T; 3% C) contains 
48.5 g of acrylamide and 1.5 g of bis-acrylamide in 100 mL 
of aqueous solution. 

3. Gel buffer: 1.5 M Tris-HCl, pH 8.45. 

4. Stacking gel buffer: 0.1 M Tris-HCl, pH 7.8, 0.4% SDS. 

5. Prepare 10% ammonium persulfate solution by dissolving 
0.1 g of ammonium persulfate into 1 mL of deionized water 

(see Note 2). 

6. TEMED. 

7. Glycerol. 

8. 2% Gelatin (from porcine skin): Dissolve gelatin in deionized 
water heated in a water bath. 

9. Prestained protein ladder (PageRuler™; Fermentas, Inc., 
MD, USA). 

1 . Chromatography paper ( 3MM Chr; Whatman, Inc. , Florham 
Park, NJ, USA). 

11. Marker strip: Blot one end of a 3-mm-wide strip of 3MM 
chromatography paper with 5 |LiL of prestained marker and 
leave it air- dried for 5 min (see Note 3). 

1. Millipore Immobilon-P PVDF membrane: 8.6 cm x 6.5 cm 
and 8.6 cm x 8.8 cm. 

2. Chromatography paper (3MM Chr; Whatman). 

3. Methanol. 
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2.6. Staining for Gela- 
tin Zymography (6) 



2.7. Staining for 2-DE 
(17) 



2.8. Immunoblotting 
(18) 



1. Tris/Triton solution: 20 mM Tris-HCl, pH 8, 2% Triton 
X-100. 

2. Incubation buffer: 20 mM Tris-HCl, pH 8, 0.2 mM CaCl 2 , 
0.1 mM ZnCl 2 . 

3. Coomassie blue R-250 solution: 0.1% Coomassie Brilliant 
Blue R-250, 40% methanol, and 7% acetic acid. 

4. Destaining solution: 0.1% Triton X-100 and 7% acetic acid. 

1. 20% TCA solution. 

2. Sensitizing solution: Prepare 12.5 mM sodium thiosulfate and 
0.8 M sodium acetate in 30% ethanol as stock solution and 
add 0.2 mL of glutardialdehyde (25%) to 40 mL of the stock 
solution prior to use (see Note 4). 

3. Silver nitrate solution: Prepare 0.25% silver nitrate as stock 
solution and add 20 \iL of formaldehyde (37%) to 40 mL of 
the stock solution prior to use (see Note 4). 

4. Developing solution: Prepare 2.5% sodium carbonate as stock 
solution and add 10 |LlL of formaldehyde to 40 mL of the 
stock solution prior to use (see Note 4). 

5. 4% Acetic acid. 

1. Phosphate buffered saline (PBS). 

2. PBST: 0.1% Tween-20 in PBS. 

3. Blocking solution: 3% skim milk in PBST. 

4. Primary antibody solution: Anti-nephrosin, anti-GRP78, and 
anti-PDI were raised in guinea pigs in our laboratory. They 
are used at a titer of 1:2,000 in PBST containing 0.3% BSA. 

5. Secondary antibody solution: 0.2 |Llg/mL horse radish per- 
oxidase (HRP) -conjugated anti-guinea pig IgG (Jackson Lab, 
Inc., West Grove, PA, USA) in 0.3% BSA in PBST. 

6. NiCl 2 -DAB solution: Prepare 0.5 mg of S^S'-diaminoben- 
zidine (DAB) and 0.5 mL of 1% NiCl 2 in 10 mL of PBS 
prior to use. 

7. Hydrogen peroxide (35% H 2 2 ). 



3. Methods 



3. 1. Preparation of 
Carp Tissue Extracts 
for Zymography (14) 



1. Brains, gills, head kidneys, hearts, kidneys, and spleens are 
freshly obtained from a male carp sacrificed by decapitation. 

2. At a ratio of 10 mL of cold TE buffer to 1 g of carp tissues, carp 
tissues are homogenized in an ice bath and the homogenates 
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3.2. Preparation of 
Mouse Liver Micro- 
somal Fraction (15) 
forlEF 



3.3. Isoelectric 
Focusing 



are centrifuged at 27,000 x^at 4°C for 30 min. The superna- 
tant fractions are stored at -20°C. 

3. Add 20 (LiL of 2x SDS sample buffer to 20 |LiL of supernatant 
fractions, and boil them at 100°C for 5 min. The samples are 
ready for SDS -PAGE. 

1. Livers are isolated from ICR mice (killed by C0 2 -induced 
asphyxiation) and immediately frozen on dry ice. 

2 . Twenty grams of mouse livers is homogenized with the addi- 
tion of 30 mL of cold extraction buffer in an ice bath and 
the homogenate is centrifuged at 27,000 x $ at 4°C for 30 
min. The supernatant fraction contains cytosolic proteins 
and microsomes except most mitochondria, nuclei, large 
organelles, cells, and cell debris. 

3. The supernatant fraction is centrifuged at 100,000 x $ for 1 h 
and the microsomes are pelleted. The pellet is suspended in 
60 mL of extraction buffer and centrifuged at 100,000 x $ 
for 1 h to remove excess cytosolic proteins. After a second 
wash with 60 mL of extraction buffer, the pellet is suspended 
in 5 mL of extraction buffer and stored at -20°C in 0.6-mL 
aliquots. 

4. Add 100 |LiL of 10% Triton X-100 to 100 |lL of microsomal 
fraction (about 2 mg of proteins) to lyse microsomes by vigor- 
ous vortexing until the solution becomes clear. 

5. Add 200 |LiL of 20% TCA to the lysate to precipitate pro- 
teins by vigorous vortexing for few seconds, and centrifuge at 
6,000 x^for 30 s. Discard the supernatant. 

6. Disperse the pellet in 200 |LiL of deionized water. Add 1 mL of 
-20°C precooled acetone, and centrifuge at 6,000 x^for 30 s. 
Discard the supernatant. 

7. Repeat step 6 three times. Finally, disperse the pellet in 20 (LiL 
of acetone with repeated pipetting. Dry the pellet in a chemi- 
cal hood for 2-3 h. 

8. Solubilize the pellet in 100 |LlL of rehydration buffer and cen- 
trifuge at 14,000 x^for 20 min. Transfer the supernatant into 
a new microfuge tube, and the sample is ready for IEF. 

1. IEF is performed with the Ettan IPGphor Focusing system. 

2. Ten microliters of sample (about 40 |Lig of proteins) was diluted 
with 115 (LiL of rehydration buffer and centrifuged at 14,000 
x g for 20 min. Apply supernatant to the strip holder channel 
and avoid formation of air bubbles. 

3. Remove the protective cover foil from an IPG strip. Position 
the IPG strip with the gel side down and direct the acidic 
(anodic) end of the strip toward the anodic end (+) of the 
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strip holder. Hold the basic (cathodic) end of the IPG strip 
and lower the acidic end of the strip onto the solution. Push 
the IPG strip toward the anodic end of the strip holder and 
lower the strip onto the solution at the same time. Slide the 
IPG strip back and forth along the surface of the solution to 
coat the entire strip. Be careful not to trap air bubbles under 
the IPG strip. 

4. Add IPG Cover Fluid dropwise into both ends of the strip 
holder until the entire IPG strip is covered. Place the cover on 
the strip holder to maintain good contact between the gel and 
electrodes, and put the holder onto the platform of IPGphor. 
Position anodic (+) end of the strip holder on anode (+) and 
cathodic end (-) of the strip holder on cathode (-) and then 
cover the lid of IPGphor. 

5. After rehydration at 30 V for 10 h, start the IEF until the total 
voltage-hour reaches 20,000-30,000. 

6. Transfer the IPG strip to a tray and soak the IPG strip in the 
SDS equilibration buffer twice, each for 10 min, with gentle 
agitation (see Note 5). 

3.4. SDS-PAGE 1. Modified Tricine SDS-PAGE is used to resolve the sample for 

gelatin zymography, and electrophoresis is performed with 

" ' . , „ , x . Hoefer SE-250 Mighty small II gel system. 

of Sample for Gelatin & J & J 

Zymography (8) ^. Prepare 7.5% separation gel by mixing 4.5 mL of acrylamide/ 

bis-acrylamide solution, 10 mL of gel buffer, 4 g of glycerol, 
8.5 mL of deionized water, 3 mL of 2% gelatin, 0.1 mL of 
10% ammonium persulfate solution, and 10 |LiL of TEMED. 
Cast gel within 8 cm x 10 cm x 0.75 mm gel cassette, leave 
space for a stacking gel, and overlay with deionized water. 

3. Prepare stacking gel by mixing 1 mL of acrylamide/bis solu- 
tion, 3 mL of stacking gel buffer, 1 g of glycerol, 7 mL of 
deionized water, 0.1 mL of 10% ammonium persulfate solu- 
tion, and 10 |LiL of TEMED. Then insert a 10-well comb into 
the stacking gel solution immediately. 

4. Apply 4 |LiL of each sample and 5 |LiL of prestained marker to 
each well and complete the electrophoresis at 150 V for 60 
min with water cooling system. 

3.4.2. SDS-PAGE of 1. Modified Tricine SDS-PAGE is used to resolve the sample 

Sample for 2-DE for 2 -DE and the electrophoresis is performed with Hoefer 

SE-260 Mighty small II gel system. 

2. Prepare 7.5% separation gel by mixing 4.5 mL of acrylamide/bis 
solution, 10 mL of gel buffer, 4 g of glycerol, 11.5 mL of deion- 
ized water, 0.1 mL of 10% ammonium persulfate solution, and 
10 |LiL of TEMED. Cast the gel within 10.5 cm x 10 cm x 1.0 mm 
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gel cassette, leave space for a stacking gel, and overlay with 
deionized water. 

3. Prepare stacking gel by mixing 1 mL of acrylamide/bis solu- 
tion, 3 mL of stacking gel buffer, 1 g of glycerol, 7 mL of 
deionized water, 0.1 mL of 10% ammonium persulfate solu- 
tion, and 10 |LiL of TEMED. Leave space for positioning an 
IPG strip and overlay with deionized water. 

4. Position an equilibrated IPG strip onto the stacking gel and 
leave space near the acidic end of the IPG strip for insertion 
of the marker strip. Insert the marker strip onto the stack- 
ing gel and start SDS gel electrophoresis as soon as possible. 
Electrophoresis is complete at 150 V for 120 min with water 
cooling. 

3.5. Diffusion Blotting 1 . PVDF membranes from different sources are equally efficient 

to retain proteins blotted by diffusion blotting. However, 
Millipore Immobilon-P PVDF membrane is used here. 

2. Wet PVDF membranes with 100% methanol and rinse them in 
deionized water three times before this procedure. 

3. After electrophoresis, remove excess cathode buffer from the 
gel assembly. Lever the glass plate up with one spacer and 
remove the glass plate. Most of the time, the gel remains 
firmly attached on the aluminum plate. 

4. Press one piece of moistened PVDF membrane between two 
pieces of chromatography paper to remove excess water. Cover 
the gel surface with PVDF membrane. Remove air bubbles, if 
any, between the gel and the PVDF membrane with a narrow 
weighing spatula by gently scratching the PVDF membrane 
from one end to the other. 

5. If a second blot is required, the gel can be overlaid with 
another PVDF membrane on the other gel surface. With 
the aluminum plate side up, peel the gel from the aluminum 
plate, set the PVDF membrane down on a piece of chroma- 
tography paper, and make the other side of the gel facing up. 
Cover the gel surface with another piece of PVDF membrane. 
Remove air bubbles between the gel and the second PVDF 
membrane. 

6. Cover with a piece of chromatography paper on the PVDF 
membrane and place a piece of glass plate of similar size on 
top to maintain the gel-membrane contact. Diffusion blotting 
should be done satisfactorily in 1-2 h (see Note 6). 

7. After diffusion blotting, peel the PVDF membrane and rinse 
it with deionized water for three times. The PVDF membrane 
can be processed for immunoblotting immediately (see Note 7). 



Simultaneous Immunoblotting Analysis with Activity Gel Electrophoresis 



31 



3.6. Staining for 
Gelatin Zymography 



3.7. Staining for 2-DE 



3.8. Immunoblotting 
(18) 



Meanwhile, the gel can be stained to reveal the protein 
profiles. 

1 . Activation of proteases within the electrophoresed gelatin gel 
occurs in conditioning solution after renaturation of protease 
by removing bound SDS. However, different proteases should 
be treated in different incubation conditions. 

2. After diffusion blotting, soak the gelatin gel in Tris/Triton 
solution with constant agitation for 20 min, twice. Rinse the 
gel with deionized water and develop protease activities by 
agitating the gel in incubation buffer at 37°C for 3 h. 

3. Rinse the gel with deionized water and agitate the gel in 
Coomassie blue R-250 solution for 1-3 h until the entire gel 
becomes deep blue. Then soak the gel in destaining solution 
with constant agitation for few hours until the appearance of 
transparent bands. 

1 . Modified silver staining protocol for 2-DE gels is based on the 
description of Heukeshoven and Dernick (17). 

2. Wash a 2-DE gel with deionized water twice, each for 15 min, 
and then agitate the gel in 20% TCA solution for 1 h to fix 
proteins within the gel after diffusion blotting. 

3. Wash the gel with deionized water three times, each for 5 min, 
to remove excess TCA. 

4. Soak the gel in sensitizing solution with constant agitation for 
30 min. 

5. Wash the gel with deionized water twice, each for 5 min, to 
remove excess sensitizing solution. 

6. Soak the gel in silver nitrate solution with constant agitation 
for 20 min. 

7. Wash the gel with deionized water twice, each for 20 s. After 
washing the gel, agitate it in developing solution for several 
seconds to few minutes under observation until staining is sat- 
isfactory. 

8. Stop developing reaction by agitating the gel within refilled 4% 
acetic acid for 5 min. After washing the gel in deionized water 
three times, each for 5 min, keep the gel in deionized water. 

1. Blotted PVDF membranes can be processed directly for 
immunoblotting after washing with deionized water. For 
stored membrane, wet the membrane with 100% methanol 
and then briefly rinse the membrane with deionized water, 
three times. 
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2. Agitate a blotted PVDF membrane in blocking solution for 
1-2 h. When blocking is complete, rinse the membrane with 
PBS once. 

3. Pour the primary antibody solution into the container and 
agitate the membrane for 1-2 h. Wash the membrane with 
PBST twice, each for 5 min, and PBS once for 5 min. 

4. Pour the secondary antibody solution into the container and 
agitate the membrane for 1-2 h. Wash the membrane with 
PBST twice, each for 5 min, and PBS once for 5 min. 

5. Submerge and agitate the membrane within 10 mL of NiCl 2 - 
DAB solution for about 10 s, and add 10 |LiL of H 2 2 to acti- 
vate HRP activity. Rock the container until the image becomes 
apparent, pour the waste into a reservoir containing bleach, 
and rinse the membrane with tap water. Flush the membrane 
under tap water for few minutes and preserve the membrane 
after being air- dried. 



4. Notes 



1 . Some proteins are very resistant to reduction, so we have used 
up to 100 mM DTE or dithiothreitol routinely. 

2. The ammonium persulfate solution would expire after 2 weeks. 

3. Marker strips should be prepared fresh, and avoid prolonged 
drying because some proteins would absorb onto the paper 
permanently. 

4. Glutardialdehyde and formaldehyde are highly volatile and 
should not be prepared in stock solution. 

5. The IPG strip can be immediately subjected to second dimen- 
sion of SDS-PAGE or be frozen at -20°C for later use. 

6. The transfer time for diffusion blotting should be adjusted 
for gels with different thickness. We routinely blot gel of 0.75 
mm for 1 h and gel of 1 mm for 2 h. 

7. After three washes with deionized water, the membrane can 
be air- dried and stored for later use. 
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Chapter 5 



Diffusion Blotting for Rapid Production of Multiple Identical 
Imprints from Sodium Dodecyl Sulfate Polyacrylamide 
Gel Electrophoresis on a Solid Support 

Ingrid Olsen and Harald G. Wiker 



Summary 

A very simple and fast method for diffusion blotting of proteins from precast SDS-PAGE gels on a solid 
plastic support was developed. Diffusion blotting for 3 min gave a quantitative transfer of 10% compared 
with 1-h electroblotting. For each subsequent blot from the same gel a doubling of transfer time is neces- 
sary to obtain the same amount of protein onto each blot. The relative transfer of low and high molecu- 
lar weight components was similar in diffusion and electroblotting. However, both methods do give a 
higher total transfer of the low molecular weight proteins compared with the large proteins. The greatest 
advantage of diffusion blotting is that several blots can be made from each lane, thus enabling testing of 
multiple antisera on virtually identical blots. The gel remains on the plastic support, which prevents it 
from stretching or shrinking. This ensures identical blots and facilitates more reliable molecular weight 
determination. Furthermore, the proteins remaining in the gel can be stained with Coomassie Brilliant 
Blue or other methods for exact and easy comparison with the developed blots. These advantages make 
diffusion blotting the method of choice when quantitative protein transfer is not required. 

Key words: SDS-PAGE Diffusion blotting, Electrophoresis, Western blotting 



1. Introduction 



Electrophoretic transfer of protein is the most widely applied 
method for western blotting after SDS-PAGE. When using 
precast gels supported on plastic films, removal of the film 
became necessary to allow electrophoretic transfer. Ultrathin 
gels (0.1-0.2 mm) are difficult to separate from the support- 
ing material, and a method for diffusion blotting that gave 
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efficient transfer was subsequently developed (1-3). Further- 
more, a method for diffusion blotting from 1.5-mm slab gels 
has been described (4). We wished to investigate diffusion blot- 
ting as an alternative method for the commercially available 
precast 0.5 -mm SDS-PAGE Excel gels (GE Healthcare Bio- 
Sciences, Little Chalfont, UK) on plastic supports and obtain 
quantitative data concerning the efficiency of the method (5). 
The efficiency of diffusion blotting was compared with 1-h 
electroblotting, and it was found that the transfer rate was 
fast initially and that it declined with time. Compared with 
electroblotting, 10% of the proteins was transferred during the 
first 3 min, 20% was transferred after 10 min, and 45-65% 
was transferred after 3 h. Diffusion blotting also allows for 
several blots to be made from one gel. A doubling of transfer 
time from each blot is necessary to obtain similar amount of 
proteins on each blot (5). After blotting, the proteins in the 
gel can be stained by standard methods such as Coomassie 
Brilliant Blue or silver staining. Diffusion blotting is a simple 
method, which is performed with minimal equipment. The gel 
can remain on the solid matrix, which maintains the integ- 
rity of the gel and permits the generation of multiple blots 
(Fig. 1). Several antisera can thus be tested on identical runs 
and these can be compared with protein staining of the same 
gel. The many advantages of diffusion blotting make this an 
alternative to electroblotting when ultimate sensitivity is not 
required. 






*•« 
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Fig. 1 . Multiple blots of the same lane. Mycobacterium avium subspecies avium proteins (5-jig total protein) were sepa- 
rated on a SDS-PAGE 8-1 8% precast gel and transferred to a nitrocellulose membrane by diffusion blotting. The transfer 
time was kept constant at 3 min for each imprint. The blots were stained with polyclonal anti-M. avium antibodies and 
HRP-labeled anti-rabbit immunoglobulin with diaminobenzidine as substrate. The picture shows the individual blots 1 -1 
and the position of molecular mass markers at the left. Note reproduction of artifacts such as curving of the bands. 
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2. Materials 



1 . Prestained molecular mass standard from any supplier. 

2. Nitrocellulose membrane from Millipore, Bedford, MA. 

3. 3MM Chr paper (Whatman, Maidstone, UK). 

4. Tris/glycine transblot buffer (pH 8.0): 25 mM Tris base, 190 
mM glycine, and 20% (v/v) methanol. Adjustment of pH is 
not required (see Note 1). 

5. Glass plate. 

6. Weight. 



3. Methods 



1. After SDS-PAGE put the gel on a flat surface leaving the solid 
support in place (for blotting after 2D gel electrophoresis, see 

Note 2). 

2. Use gloves when handling membrane. Cut appropriate 
number of nitrocellulose membranes of the exact same size 
as the gel. Cut upper right corner corresponding to the cut 
corner on the precast SDS-PAGE Excel gels to help correct 
orientation. 

3. Soak the nitrocellulose membrane in the transblot buffer 
until wet. 

4. Remove excess buffer by holding two corners of the mem- 
brane with your fingers and carefully allowing the edge to 
touch a sheet of filter paper. 

5. Carefully lay the membrane onto the gel. Avoid air bubbles. 
Do not remove the membrane after it has been in contact with 
the gel because some protein is transferred immediately and 
this may result in double bands. 

6. Wet three sheets of 3MM paper in the transblot buffer. 
Remove excess buffer by squeezing the sheets between two 
fingers and place the papers on top of the membrane. 

7. Cover the gel, membrane, and filter paper assembly with a 
glass plate and a weight of approximately 1.5 kg (6 g/cm 2 ). 

8. Leave for 3 min (see Note 3). 

9. Repeat steps 3-6 for every blot to be made and double the 
transfer time for each blot to obtain the same amount of 
protein on each blot. 
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10. Cut a mark in the nitrocellulose for each band in the 
prestained standard (see Note 4). 



4. Notes 



1. Instead of transblot buffer we have often used PBS pH 7.4 
and it appears to work equally well. 

2. The method is described for precast 0.5 -mm SDS-PAGE 
gels from GE Healthcare (previously Amersham Bio- 
sciences), Piscataway, NJ, USA. These gels are also used in a 
two-dimensional electrophoresis system where Immobiline 
DryStrip for Isoelectrofocusing is used in the first dimen- 
sion and the precast gels are used in the second dimension. 
The method works equally well following two-dimensional 
gel electrophoresis, where exact pattern reproducibility is 
difficult to achieve. Creation of multiple identical imprints 
by diffusion blotting will eliminate problems with gel-to-gel 
variation and facilitate correct identification of protein spots 
as well as easy comparison of different antisera. 

3. The time can be changed according to the sensitivity of 
the detection system. Three minutes will give a transfer of 
approximately 10% of what you see for electroblotting while 
30% is transferred after 30 min (5). 

4. The prestained standard is visible after blotting but will 
weaken considerably after blocking and development. Mark- 
ing the bands with a knife will help in locating the molecular 
mass markers. If protein staining of the gel is performed, 
molecular mass determination can be done on the corre- 
sponding band identified on the gel. 
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Chapter 6 



Tryptic Peptide Purification Using Polyvinylidene Difluoride 
Membrane for Matrix-Assisted Laser Desorption Ionization 
Time of Flight Mass Spectrometry 

Biji T. Kurien and R. Hal Scofield 



Summary 

Matrix- assisted laser desorption ionization time of flight mass spectrometry (MALDI TOF MS) is 
extremely sensitive to minor impurities in tryptic peptide digests, resulting in suppression of the signal 
obtained. Therefore, it becomes necessary to purify the sample, especially those samples that fail to yield 
good mass spectra. Here, we describe a simple protocol using polyvinylidene difluoride (PVDF) mem- 
brane for purifying tryptic peptides prior to mass spectrometric analysis. The tryptic digest is spotted on 
a PVDF membrane, air- dried, and washed. The membrane is then extracted with trifluoroacetic acid/ 
acetonitrile and the extract is then subjected to MALDI TOF MS. Using this procedure, we were able 
to identify a cross-reactive Dl autoantigen on the surface of neutrophils that bound antibodies targeting 
Ro 60 autoantigen in systemic lupus erythematosus. 

Key words: MALDI TOF mass spectrometry, PVDF, Dl autoantigen, Systemic lupus erythematosus, 
Ro 60 autoantigen 



1. Introduction 



Mass spectrometry provides a highly sensitive method for the 
analysis and identification of small molecules, peptides, proteins, 
nucleic acids, and polysaccharides (1-7) . Proteins excised following 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS- 
PAGE) are subjected to in-gel tryptic digestion and matrix- assisted laser 
desorption ionization time of flight mass spectrometry (MALDI 
TOF MS) analysis (8-15). The sensitivity of mass spectrometry is 
very high with detection thresholds at subpicomolar levels, which 
makes this procedure vulnerable to the slightest contamination. 
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Owing to sample contamination, we have experienced difficulties 
in obtaining good mass spectra using this procedure. Severe signal 
suppression due to residual acrylamide monomer (16), trifluoro- 
acetic acid (17) , and nonionic detergents (18) has been shown in 
earlier studies. An automated online ionic detergent precolumn 
has been used to remove SDS from trypsin-digested protein sam- 
ples (19). In this report we show that tryptic peptides, derived 
from an autoantigen (located on neutrophil cell surface) bound 
by sera from patients with systemic lupus erythematosus (SLE), 
can be purified prior to MALDI TOF MS by using PVDF when 
little or no signal can be obtained as a result of contaminants in 
the sample. 

Anti-Ro 60 autoantibodies (20, 21) from patients with SLE 
were observed to bind intact normal neutrophils in an in vitro 
fluorescence -activated cell sorter assay (22). A 60,000 molecular 
weight protein, part of the Ro ribonucleoprotein complex, is the 
normal target of these autoantibodies. The Ro 60 autoantigen, 
noncovalently associates with at least one of four short uridine - 
rich human cytoplasmic RNAs and is targeted by up to 40% of 
patients with SLE (20-22). To determine the identity of the anti- 
gen on the surface of the neutrophils bound by these antibodies, 
we purified human neutrophil membranes by nitrogen cavita- 
tion (23). The purified neutrophil membranes were solubilized 
and passed over an anti-Ro 60 affinity chromatography column. 
The proteins eluted from the column were analyzed on SDS PAGE 
and transferred nonelectrophoretically to nitrocellulose membrane 
(24). The membrane was immunoblotted with anti-Ro 60 sera. 
The residual proteins on the gel were stained with Coomassie 
blue (25), and the immunoblotted band was compared with the 
Coomassie blue -stained gel and identified. The target protein band 
was excised and subjected to in- gel tryptic digestion. The tryptic 
peptides were extracted, purified using PVDF membrane, and sub- 
jected to MALDI TOF MS. This protocol allowed us to identify a 
cross-reactive Dl antigen on the neutrophil membranes bound by 
anti-Ro 60 antisera from SLE patients. 



2. Materials 



All reagents and materials were purchased from either Fisher 
Scientific, Dallas, TX, USA or Sigma Chemical Company, St Louis 
MO, USA. Prepare all solutions using ultrapure water (prepared 
by purifying deionized water to attain a sensitivity of 18 MQ cm at 
25°C) and analytical grade reagents. Prepare and store all reagents 
at room temperature (unless indicated otherwise). Diligently fol- 
low all waste disposal regulations when disposing waste materials. 
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1. 60% acetonitrile containing 0.1% trifluoroacetic acid. 

2. 70% acetonitrile containing 5% trifluoroacetic acid. 

3. Ferulic acid. 

4. Nitrocellulose membrane (Gelman Sciences/Fisher Scien- 
tific, Dallas, TX, USA). 

5. Polyvinylidene difluoride (PVDF) membrane (Millipore, 
Bedford, MA, USA). 

6. Savant Speed- Vac Concentrator (Savant Instruments, Inc., 
Farmingdale, New York, USA). 

7. PGC microcentrifuge tubes; 1.7 mL (PGC Scientific, Fred- 
erick, MD, USA). 

8. Super-Mixer (Curtin Matheson Scientific, USA). 



3. Methods 



All procedures were performed at room temperature (unless indi- 
cated otherwise). 

1 . Cut a piece each of nitrocellulose and PVDF membranes and 
place them on top of a Whatman #3 filter paper cut slightly 
larger than the size of the membranes. Mark a small circle to 
spot the sample (see Note 1). 

2. Spot a 5-|LlL aliquot of the 70% acetonitrile/5% TFA sample 
(obtained after extraction of trypsin-digested gel slice) on 
each of the membrane surfaces (see Note 2). 

3. Air-dry the membranes for 30 min. 

4. Excise the dry spot from each of the membranes and place 
them individually in a PGC microcentrifuge tube (see Note 3) 
containing 1 mL of water and shake gently for 15 min. 

5. Decant the water carefully and repeat step 4 once more. 

6. Add 1 mL of water to the tube and vortex for 1 min on a 
Super-Mixer. 

7. Decant the water carefully and repeat step 6 once more. 

8. Add 150 |XL of 60% acetonitrile/0.1% TFA to each mem- 
brane and shake the mixture for 15 min (see Note 4). 

9. Save the supernatant and repeat the extraction once more. 

10. Vacuum-dry the combined supernatants using a Savant 
Speed-Vac Concentrator. 

1 1 . Dissolve the resulting pellet in 20 |LiL of 70% acetonitrile/5% 
trifluoroacetic acid. 

12. Mix this acetonitrile preparation 1:1 with ferulic acid. 
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13. Spot 0.5 |LiL of this mixture on a stainless steel grid and sub- 
ject it to MALDI-TOF MS. 

14. Enter the atomic weights of the peaks obtained into the Euro- 
pean Molecular Biology Laboratory (EMBL) protein and pep 
tide group database for protein identification (see Note 5). 



4. Notes 



1. A membrane 2 in. x 2 in. size would suffice for one sample. 
Always use one sample per membrane and wash each mem- 
brane separately. Make sure that the tip does not press against 
the membrane. Use a pencil to mark the spot. 

2. Subject the Coomassie-stained band containing the candi- 
date antigen to in-gel digestion with trypsin (22). Follow- 
ing this, add 150 |LiL 60% acetonitrile/0.1% TFA to the gel 
slice and shake the mixture for 15 min. Save the superna- 
tant and repeat extraction once more. Vacuum dry the 
combined supernatants. Dissolve the resulting pellet in 70% 
acetonitrile/5% trifluoroacetic acid. 

3. It is very important to use PGC tubes for the assay, since 
contaminants are minimal when these tubes are used. 

4. Nitrocellulose is not compatible with acetonitrile and hence 
should not be used. No useful signal was obtained when 
nitrocellulose was used. There is no need to prewet the 
PVDF membrane, since the peptide mixture is in acetonitrile 
and readily spotted on the membrane. 

5. We did not obtain usable signal when we analyzed the sample 
prior to PVDF membrane purification. It appears that impuri- 
ties in the peptide mixture extracted from the trypsin -digested 
gel slice quenched the signal when the sample was analyzed 
prior to PVDF membrane purification. The tryptic peptides 
that were spotted on the PVDF membrane bound to the 
membrane, whereas the impurities did not bind. The con- 
taminants were washed away leaving behind the purer peptide 
pool that was then later extracted from the membrane. 
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Chapter 7 



Affinity Immunoblotting for Analysis of Antibody 
Clonotype Distribution in a Lupus Patient 
Developing Anti-Ro 60 Over Time 

Biji T. Kurien and R. Hal Scofield 



Summary 

We describe a sensitive and specific method to analyze specific antibody clonotype changes in a patient 
with systemic lupus erythematosus who developed autoantibodies to the Ro 60 autoantigen under 
observation. Patient sera collected over several years were separated by flatbed isoelectric focusing 
and analyzed by affinity immunoblotting utilizing Ro 60 -coated nitrocellulose membrane. When the 
Ro 60-coated nitrocellulose was laid over the surface of the IEF gel, the antibodies present on the surface 
of the acrylamide gel bound the Ro antigen on the nitrocellulose. Tween-20 was used to prevent non- 
specific binding. The bound IgG clonotypes were detected using alkaline phosphatase conjugated anti- 
IgG. The patient's sera demonstrated an oligoclonal response to the Ro 60 autoantigen that increased in 
complexity and affinity over time. 

Key words: Affinity immunoblotting, Clonotype distribution, Systemic lupus erythematosus, 
Ro 60 autoantigen, Flatbed IEF 



1. Introduction 



Isoelectric focusing (IEF) is a very useful method for investi- 
gating the heterogeneity of antibody and immunoglobulin (Ig) 
clonotypes (1). Antigen-specific antibody clonotype patterns can 
show whether changes in cell population happen during ongoing 
immune responses as a response to regulatory influences. Affinity 
IEF can determine whether changes in hybridoma cell lines can 
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occur with time (2). Previously, it was customary to study these 
changes by immobilizing the separated antibody clonotypes 
after IEF and incubating them with radioactive antigen. In one 
method, radiolabeled hapten was allowed to diffuse into a gel 
before precipitation of Ig with sodium sulfate followed by detec- 
tion of hapten- specific clonotype distribution by autoradiography 
(3). In another study Ig was precipitated in the gel with sodium 
sulfate immediately after completion of the focusing run and 
was cross -linked with glutaraldehyde followed by the addition 
of labeled antigen or anti-Ig (4). Subsequently it was shown that 
fixation with glutaraldehyde could decrease the antigen -binding 
ability of certain Igs (5). However, the previous study was unable 
to define optimal cross-linker (glutaraldehyde or suberimidate) 
concentration, since certain antibodies could not be fixed at 
cross -linker concentrations that substantially inactivated others. 
Another drawback of these methods is the excess time needed 
to diffuse antigen into the gel and to rinse the unbound antigen 
out of the gel, which can take several days especially when using 
radioactive probes. 

One method for immobilizing focused antibodies involved 
the use of nitrocellulose membranes. Focused antibodies were 
transferred electrophoretically or nonelectrophoretically to nitro- 
cellulose, and labeled antigen was used to detect clonotypes that 
were antigen specific (6). Yet another method involved lying the 
gel with the focused antibodies with agarose containing antigen- 
coated sheep erythrocytes (7). In this method, antibodies diffuse 
into the RBC- containing gel, bind the antigen -coated cells, and 
lyse the cells following complement addition. 

Here, we adapt a method (2) to study the 60,000 molecular 
weight Ro autoantigen. The antigen was first passively immobi- 
lized on nitrocellulose membrane and placed in contact with an 
IEF gel that contained autoantibodies [derived from a systemic 
lupus erythematosus (SLE) patient who developed antibodies to 
the Ro 60 autoantigen over time] focused according to its iso- 
electric point. Following diffusion -mediated transfer to the mem- 
brane the antibody clonotypes that are not antigen specific are 
removed by washing, while the antigen-specific antibody clono- 
types are detected using alkaline phosphatase conjugated anti-Ig. 

SLE is a complex, chronic disorder characterized by the pro- 
duction of antibodies to self- antigens, including the Ro (or SS-A) 
ribonucleoprotein complex. Antibodies to the Ro 60 autoantigen 
occur in up to 40% of patients with SLE (8). The epitopes of 
the Ro 60 autoantigen bound by SLE patients have been previ- 
ously characterized (9, 10). Even though anti-Ro 60 sera were 
commonly observed to bind to short peptides, it was not found 
to bind the denatured antigen well. Furthermore, the antibodies 
that were found to bind to octapeptides were also found to bind 
the native protein (10). 
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There have been instances of some SLE autoantibodies 
appearing and disappearing, at times in association with specific 
disease manifestations, therapy, or generalized clinical disease 
activity. For instance, antibodies to native DNA are associated 
with renal disease, and the detection of these autoantibodies may 
be an indication of disease exacerbation (11). Antibodies to the 
P autoantigen (ribosomal P antigens) can appear with an increase 
of neurologic or renal disease. Autoantibodies such as anti-Ro, 
on the other hand, occur in some normal subjects as well as in 
SLE patients before onset of disease (8), and develop only rarely 
during the course of SLE. 

This investigation was carried out following the identifica- 
tion of an SLE patient who developed antibodies to the Ro 60 
autoantigen after about 10 years of illness. As shown in Fig. 3 
anti-Ro 60 clonality increased in complexity, and affinity to the 
Ro 60 antigen also increased as the response developed. 



2. Materials 



Prepare all solutions using ultrapure water (prepared by purifying 
deionized water to attain a sensitivity of 18 MQ cm at 25°C) 
and analytical grade reagents. Prepare and store all reagents at 
room temperature (unless indicated otherwise). Diligently follow 
all waste disposal regulations when disposing waste materials. We 
do not add sodium azide to the reagents. 

1. 25% Glycerol (v/v): Add 25 mL glycerol to 75 mL of distilled 
water. Mix well. 

2. 5x Acrylamide (26.5% T, 3% C): Add about 25 mL water to a 
100-mL graduated cylinder or a glass beaker. Weigh 12.84 g 
acrylamide and 0.4098 g bis acrylamide and transfer to the 
cylinder (see Note 1). Add a spatula of AG 501 -X8 (D) mixed- 
resin beads (Bio-Rad, Hercules, CA, USA) and stir using a 
magnetic stir bar on a magnetic plate for about 30 min. Make 
up to 50 mL (after removing the stir bar) with water and filter 
through a 0.45 |Lim Corning filter (see Note 2). Store at 4°C, 
with bottle wrapped in a aluminum foil (see Note 3). 

3. 10% Tween-20: Add 90 mL of distilled water into a glass 
beaker. Add 10 mL Tween-20 and mix. 

4. 2% Ammonium persulfate: Weigh 0.02 g ammonium persulfate 
and dissolve in 1 mL of distilled water (see Note 4). 

5. A^A^^N'-tetramethyl-ethylenediamine (Sigma Chemical 
Company, St Louis, MO, USA). Store at 4°C (see Note 5). 

6. Alkaline phosphatase buffer: Weigh 6.1 g of Tris, 2.9 g sodium 
chloride, and 0.51 g magnesium chloride -6H 2 0, and make it 
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to 500 mL with water after adjusting pH to 9.3 with HC1 
(see Note 1). Store at 4°C. 

7. Nitro blue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl 
phosphate (BCIP): Dissolve 1 g NBT in 20 mL of 70% 
dimethylformamide (DMF). Disolve 1 g BCIP in 20 mL 
of 100% DMF. Add 33 |xL of BCIP and 66 |llL of NBT to 
10 mL of alkaline phosphatase buffer just before adding to 
membrane. 

8. Nitrocellulose membrane (Fisher Scientific, Dallas, TX, 

USA). 

9. 0.5 M sodium bicarbonate solution, pH 9.5. 

10. Phosphate buffered saline (PBS), pH 7.4. 

11. PBS containing 0.05% Tween-20 (PBST). 

12. Ampholytes: pH 3-10 and pH 8-10.5 (Amersham/GE 
Healthcare, Piscataway, NJ, USA). 

13. Ro 60 autoantigen (Immunovision, Springdale, AK, USA). 

14. Glass plates: Two 5 in. x 4 in. glass plates. 

15. Medium binder clips (l 1 ^ in.). 

16. Small binder clips ( 3 A in.). 

17. Gasket with three edges, about 3 -mm wide, to serve as spacer 
between the plates. 

18. LKB-2117 Multiphor apparatus for IEF (LKB Instruments, 
Rockville, MD, USA). 

19. Model 3000/300 power supply (Bio-Rad). 

20. pH 3 and pH 10 solutions (Serva Electrophoresis GmbH, 
Heidelberg, Germany). 

21. Helium gas. 

22. Sample applicator strip (Bio-Rad). 

23. Paper wicks. 



3. Methods 



All procedures are performed at room temperature unless other- 
wise specified. 
1. The night before focusing cut a piece of nitrocellulose mem- 
brane according to the size that would fit a small pipet box 
lid (yellow tip box). Add antigen (Ro 60) at 10 |Lig/mL in 
sodium bicarbonate, pH 9.5, and incubate this with the 
membrane overnight with shaking. 
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7. 



8 



Pipet 5.6 mL of distilled water into a conical flask. Add 
2 mL of 25% glycerol followed by 2.1 mL of the 5x acry- 
lamide solution. Then add 300 |LiL of pH 3-10 ampholytes 
followed by 100 |LiL of pH 8-10.5 ampholytes. 

Degas this solution by bubbling helium through it for 15 
min. Rinse the metal end of degassing tube first with water 
and wipe dry with Kim wipes. 

While the solution is degassing, set up the gel apparatus. 
Soak the gasket in water for few minutes. Mop dry with 
Kimwipes. 

Take one glass plate and lay the gasket on top of the glass 
plate around the edges so that it will seal the bottom and 
two sides of the plates. Lay the other glass plate on top of 
the gasket. Clamp the clips around the edges of the plates 
(bottom, the left side, and the right side; see Fig. 1). Stand 
the gel upright using the base of the clips {see Fig. 1) to pour 
the gel. Prepare a 2% ammonium persulfate solution freshly. 

After degassing is complete, the metal end of the degassing 
tube is cleaned with water. To the degassed solution, add 
100 \xL of 10% Tween-20 and mix gently. Then add 100 \xL 
of 2% APS. Have a Pasteur pipette ready for pouring the gel. 
Add 10 |LiL of TEMED and mix gently. Pipet the gel mixture 
into the Pasteur pipette and transfer into the gel apparatus 
quickly. Attempts should be made to avoid bubbles. Fill up 
the gel apparatus to the top. Polymerization should begin 
within minutes. However, let the assembly stand for 2 h 
without disturbance. 

Turn the cooling unit ON and set it at 4°C in preparation for 
focusing. 

After 2 h carefully remove one of the glass plates and gasket. 
The gel will remain on one of the glass plates. 




TO 



Glass plate 
Small binder clip 



Medium binder clip 



Fig. 1 . Gel assembly for isoelectric focusing. 
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9 . Lie the glass plate on top of the IEF unit, with the gel side 
facing up (wipe off water on top of the unit beforehand). 
Place the smaller cover in place and press down slightly so as 
to make imprints for the wicks. Cut two wicks to the size of 
the gel (be as close as possible). Soak the top wick in Serva 
pH 3 solution and the bottom wick in Serva pH 10 solution. 
Dab off excess solution and place where imprints were made 
by the cover (see Fig. 2). 

10. Put the smaller cover back on, making sure that connection 
is made with both wicks. Connect red and black wires. Put 
on a larger cover and make connections to power supply (red 
= +ve; black = -ve). 

11. Prefocus by setting constant voltage of 200 V for 20 min, 
and then increase voltage to 400 V for another 20 min. Pre- 
pare samples for application. 

12. Turn OFF power supply, disconnect wires, and remove the 
covers. Take applicator strip and lay on top of gel 1-2 cm 
below the top wick. Make sure that the strip is stuck to the 
gel well. The strip can hang over the gel a little (see Fig. 2; 
see Note 6). 

13. Apply the samples, being careful not to spill over into other 
wells. Replace the covers and make the connections. Turn 
the power supply ON to 12-W constant power. Focus for 
approximately 1-2 h. When focusing, the voltage will rise, 
and the current will drop. The rate at which these two param- 
eters change is much faster in the beginning than in the end. 
The run is complete when the voltage is between 1,800 and 
2,000 V and the current 3-5 A. When the change appears to 
be very slow or not at all, turn off the unit (see Note 7). 

14. Thirty minutes prior to end of the run, rinse nitrocellulose 
membrane three times with PBS, pH 7.4, and shake with 
PBST for 30 min and rinse three times with PBS. 



tear 
corner^ 




Gelbond 
Wick 
Gel 
Strip 

NC 



Fig. 2. The membrane-gel assembly following flat bed IEF. The gel bond is shown in this 
figure. However, we did not use the gel bond to support the gel. The gel was directly in 
contact with the glass plate. 
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10 

Fig. 3. Affinity immunoblotting of the patient's sera obtained in different months following 
first observation, showing anti-Ro 60-specific IgG clonotypes. Sera from an anti-Ro 
60-negative SLE patient (Ro~) and from two typical anti-Ro 60-positive patients (Ro + ) 
are shown for comparison. The pH range of the IEF gel is shown on the right (reproduced 
from (14) with permission from Wiley and Sons, Inc.). 



15. After the run is complete, transfer the focused protein from 
the gel to the membrane. Take the gel off the flatbed and 
remove applicator strip. Place the nitrocellulose membrane 
between two Kimwipes and dab dry. Place the membrane over 
bottom half of gel above the bottom wick. The membrane 
may cover the applicator strip area. 

16. Place the gel in a Tupperware container with a moist towel; 
cover and place in an oven at 37°C for 20 min. 

17. Take the membrane off the gel. Rinse with 200 mL of deion- 
ized water 2-3 times (see Note 8). 

18. Rinse three times with PBS. Wash for 20-30 min in PBST 
and rinse three times with PBS. 

19. Add appropriate alkaline phosphatase conjugate (10 mL) to 
the membrane and shake for 1 h. 

20. Develop bands with NBT/BCIP (see Fig. 3). 

21. Scan the membrane and save results. 



4. Notes 



Having water at the bottom of the cylinder helps to dissolve 
the Tris relatively easily, allowing the magnetic stir bar to go 
to work immediately. If using a glass beaker, the Tris can be 
dissolved faster if the water is warmed to about 37°C. How- 
ever, the downside is that care should be taken to bring the 
solution to room temperature before adjusting pH. 
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2. Wear a mask when weighing acrylamide. To avoid exposing 
acrylamide to coworkers, cover the weigh boat containing 
the weighed acrylamide with another weigh boat (similar 
size to the original weigh boat containing the weighed acry- 
lamide) when transporting it to the fume hood. Transfer the 
weighed acrylamide to the cylinder inside the fume hood and 
mix on a stirrer placed inside the hood. Unpolymerized acry- 
lamide is a neurotoxin and care should be exercised to avoid 
skin contact. Mixed resin AG 501 -X8 (D) (anion and cation 
exchange resin) is used when acrylamide solution is made, 
since it removes charged ions (e.g., free radicals) and allows 
longer storage. Some investigators store the prepared acry- 
lamide along with this resin in the refrigerator. However, we 
filter them out before storage. The used mixed resin should 
be disposed as hazardous waste. Manufacturer's warning 
states that this resin is explosive when mixed with oxidizing 
substances. The resin contains a dye that changes from blue- 
green to gold when the exchange capacity is exhausted. 

3. The acrylamide solution can be stored at 4°C for 1 month. 
Acrylamide hydrolyzes to acrylic acid and ammonia. The acr- 
ylamide mixture, buffer, and water can be prepared in large 
batches, frozen in aliquots (for greater day-to-day repro- 
ducibility), and used indefinitely (see Ref. 12). Remove the 
required amount, bring to room temperature, and add the 
other ingredients for polymerization. However, in our labo- 
ratory we make the acrylamide solution fresh about every 
month when we cast our own gels. 

4. We find that it is best to prepare this fresh each time. 

5. We find that storing at 4°C reduces its pungent smell. 

6. Large well =10 |LiL, medium wells = 5 |LiL, small well = 1 |LiL. 
Only lay one size of wells on to the gel. Cut if necessary. 
Strips may be used again. 

7. During the end of the run, the gel must be watched carefully 
in case a fire starts. Many times gel will burn near the applica- 
tor strip. If this happens, turn off the unit. The gel can still 
be used if it had been focused for a long time. The bands are 
usually below the strip. 

8 . Rinsing the membrane with deionized water 2-3 times will help 
remove a bulk of the nonspecific antibodies and help reduce 
the amount of TBST used subsequently and also reduce the 
number of washes. This wash helps to reduce nonspecific bind- 
ing of NBT/BCIP to the strip. The water, owing to its low 
ionic strength compared with TBST, will be able to remove 
contaminants much better than TBST. Water is much cheaper 
than TBST, in terms of money and labor. Other investigators 
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have found no reduction in detection of specific signals due to 
washing with water (13). 
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Chapter 8 



Non-electrophoretic Bi-directional Transfer 
of a Single SDS-PAGE Gel with Multiple Antigens 
to Obtain 12 Immunoblots 

Biji T. Kurien and R. Hal Scofield 



Summary 

Protein blotting is an invaluable technique in immunology to detect and characterize proteins of low 
abundance. Proteins resolved on sodium dodecyl sulfate (SDS) polyacrylamide gels are normally trans- 
ferred electrophoretically to adsorbent membranes such as nitrocellulose or polyvinylidene diflouride 
membranes. Here, we describe the nonelectrophroretic transfer of the Ro 60 (or SSA) autoantigen, 220- 
and 240 -kD spectrin antigens, and prestained molecular weight standards from SDS polyacrylamide gels 
to obtain up to 12 immunoblots from a single gel and multiple sera. 

Key words: Nonelectrophoretic transfer, Immunoblots, Bidirectional transfer, Nitrocellulose 
membrane, Autoantibodies, Autoantigens 



1. Introduction 



Electrophoretic protein transfer to a microporous membrane 
support with subsequent immunodetection (1) has made a tremen- 
dous impact in the field of immunology. Proteins separated on 
sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis 
(SDS PAGE) are transferred electrophoretically to mainly nitro- 
cellulose or polyvinylidene difluoride (1-4). Protein transfer from 
gels to membranes has been achieved in three ways: (a) simple 
diffusion (3), (b) vacuum -assisted solvent flow (5, 6), and (c) 
electrophoretic elution (1). Only electrophoretic elution has been 
used widely owing to a variety of reasons, including efficiency, 
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simplicity, and length of transfer. Bidirectional transfer procedure 
was demonstrated in 1980, when Smith and Summers (7) trans- 
ferred DNA and RNA from polyacrylamide gels to nitrocellulose 
in 36 h to obtain two blots. Here, we demonstrate that proteins 
can be efficiently transferred nonelectrophoretically from SDS- 
PAGE gels to nitrocellulose membranes. A similar procedure has 
been used in 1982 (8) to transfer proteins from thin (0.5 mm) 
native isoelectric focusing gels to nitrocellulose membranes to 
obtain two blots in 1 h. Diffusion-mediated transfer of immuno 
globulins from one side of a native gel after isoelectric focusing 
to an antigen- coated nitrocellulose sheet has been achieved in a 
similar fashion (9, 10). We were able to transfer and immunologi- 
cally detect a 60,000 molecular weight autoantigen (Ro 60) as 
well as the spectrin antigens (molecular weight >200,000) using 
this method. When prestained molecular weight standards were 
transferred, only markers up to 118,000 molecular weight could 
be visualized (these proteins were not visualized immunologically). 
Thus, we have obtained up to 12 immunoblots from a sin- 
gle gel using multiple antigens (high, intermediate, and low 
molecular weight proteins) and multiple sera. Subsequently sev- 
eral investigators have also obtained similar results and also in a 
quantitative manner (see Chapters "Simultaneous Immunoblot- 
ting Analysis with Activity Gel Electrophoresis and 2-D Gel Elec- 
trophoresis" and "Diffusion Blotting for Rapid Production of 
Multiple Identical Imprints from Sodium Dodecyl Sulfate Poly- 
acrylamide Gel Electrophoresis on a Solid Support"). 



2. Materials 



Prepare all solutions using ultrapure water (prepared by purify- 
ing deionized water to attain a sensitivity of 18 MQ cm at 25°C) 
and analytical grade reagents. Prepare and store all reagents at 
room temperature (unless indicated otherwise). Diligently follow 
all waste disposal regulations when disposing waste materials. We 
do not add sodium azide to the reagents. 



2. 1. SDS Polyacrylamide 
Gel Components 



1. Resolving gel buffer: 1.5 M Tris-HCl, pH 8.8. Add about 
100 mL water to a 1-L graduated cylinder or a glass beaker 
(see Note 1). Weigh 181.7 g Tris and transfer to the cylinder. 
Add water to a volume of 900 mL. Mix and adjust pH with 
HC1 (see Note 2). Make up to 1 L with water. Store at 4°C. 

2. Stacking gel buffer: 0.5 M Tris-HCl, pH 6.8. Weigh 60.6 g 
Tris and prepare a 1 L solution as in previous step. Store 
at4°C. 
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3. Thirty percent acrylamide/Bis solution (29.2:0.8 acrylamide: 
Bis): Weigh 29.2 g of acrylamide monomer and 0.8 g Bis 
(cross -linker) and transfer to a 100 mL graduated cylinder 
containing about 40 mL of water. Add a spatula of AG 501- 
X8 (D) mixed-resin beads (Bio-Rad, Hercules, CA, USA) and 
mix for about 30 min. Make up to 100 mL with water and 
filter through a 0.45 |Lim Corning filter (see Note 3). Store at 
4°C, in a bottle wrapped with aluminum foil (see Note 4). 

4. Ammonium persulfate: 10% solution in water (see Note 5). 

5. ^^^N'-tetramethyl-ethylenediamine (TEMED) (Sigma 
Chemical Company, St. Louis, MO, USA). Store at 4°C (see 
Note 6). 

6. SDS-PAGE running buffer: 0.025 M Tris-HCl, pH 8.3, 
0.192 M glycine, 0.1% SDS (see Note 7). 

7. SDS lysis buffer (5x): 0.3 M Tris-HCl (pH 6.8), 10% SDS, 
25% (3-mercaptoethanol, 0.1% bromophenol blue (BPB), 
45% glycerol. Leave one aliquot at 4°C for current use and 
store remaining aliquots at -20°C (seeNote 8). 

8. BPB solution: Dissolve 0.1 g BPB in 100 mL water. 

2.2. Immunoblotting 1 . Nitrocellulose membranes (Gelman Sciences/Fisher Scientific, 

Components Dallas, TX, USA). 

2. Western blot transfer buffer: 0.025 M Tris, 0.192 M glycine, 
and 20% methanol (see Note 9). 

3. Tris buffered saline (TBS; lOx): 1.5 M NaCl, 0.1 M Tris-HCl, 
pH 7.4. 

4. TBS containing 0.05% Tween-20 (TBST). 

5. Blocking solution: 5% milk in TBS (see Note 10). Store at 

4°C. 

6. Diluent solution: 5% milk in TBST (see Note 10). Store 

at 4°C. 

7. Mini PROTEAN® 3 System glass plates (catalog number 
1653311) (Bio-Rad). 

8. Medium binder clips (l 1 ^ in.). 

9. Plastic container. 

10. Wypall X-60 reinforced paper (Kimberly-Clark, Neenah, WI, 

USA). 

11. Nitro blue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl 
phosphate (BCIP): Dissolve 1 g NBT in 20 mL of 70% 
dimethylformamide (DMF). Disolve 1 g BCIP in 20 mL 
of 100% DMF. Add 33 |LiL of BCIP and 66 |LiL of NBT to 
10 mL of alkaline phosphatase buffer just before adding to 
membrane. 
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2.3. Antigens and 
Conjugates 



1. Purified red blood cell spectrin, antispectrin polyclonal 
antibody, and antihemoglobin antibody (Sigma). 

2. Benchmark prestained molecular weight standards (Gibco 
BRL, Bethesda, MD, USA). 

3. Purified bovine Ro 60: Purify Ro 60 as reported (11, 12) , or it 
can be purchased from Immunovision, Springdale, AK, USA. 

4. Prepare human erythrocyte membranes according to Dodge 
etal. (13). 



3. Methods 



3.1. 10% Sodium 
Dodecyi Suifate 
Polyacrylamide Gel 
Eiectrophoresis 



Carry out all procedures at room temperature unless otherwise 
specified. 

1. Mix 2.5 mL of resolving buffer, 3.33 mL of acrylamide mix- 
ture, and 4 mL water in a 50 mL conical flask. Degas with 
helium for 10 min. Add 100 |LiL of SDS, 80 |LiL of ammonium 
persulfate, and 10 |LiL of TEMED, and cast gel within a 7.25 
cm x 10 cm x 1.5 mm gel cassette. Allow space for stacking the 
gel and gently overlay with isobutanol or water (see Note 11). 

2. Prepare the stacking gel by mixing 1 .25 mL of resolving buffer, 
0.67 mL of acrylamide mixture, and 3 mL water in a 50 mL 
conical flask. Degas with helium for 10 min. Add 100 |LiL of 
SDS, 40 (LiL of ammonium persulfate, and 5 |LiL of TEMED. 
Insert a 10-well gel comb immediately without introducing 
air bubbles. 

3. Heat aliquots of bovine Ro 60, RBC membrane, and human 
spectrin antigens at 95°C for 5 min. Do not add lysis buffer to 
the prestained protein standard or subject it to heat. Centri- 
fuge the heated samples at 3,000 x g for 30 s to bring down 
the condensate. Load increasing amounts of Ro antigen (1-4 
|Lig) on one gel and same amounts of spectrin (3 |Lig/lane) or 
RBC membrane antigens on two other gels along with pro- 
tein standards (10 |LiL/well; 2 |Lig/marker/lane). Add protein 
standards in every other lane (alternating with spectrin) in the 
gel with spectrin. Electrophorese at 15 mA until the sample has 
entered the gel and then continue at 25 mA till the dye front 
(from the BPB dye in the samples) has reached the bottom of 
the gel (y^Note 12). 

4. Following electrophoresis, pry the gel plates open with the 
use of a spatula. The gel remains on one of the glass plates. 
Rinse the gel with water and transfer carefully to a container 
with western blot transfer buffer. 
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5. Cut a nitrocellulose membrane to the size of the gel and 
immerse in methanol. Rinse twice in distilled water and once 
with transfer buffer. 



3.2. Nonelectrophoretic 
Transfer 



1 . Immediately following SDS-PAGE, when the dye front reaches 
the end of the gel, turn off the power supply. Separate the gel 
plates with the help of a spatula or similar tool. Remove the 
stacking gel. 

2. Rinse the gel (still supported by the bottom glass plate) care- 
fully with deionized water to remove traces of SDS-PAGE 
running buffer. 

3 . Excise the gel with spectrin antigen such that there is one lane 
with the protein markers and one with the spectrin antigen. 

4. Leave the gels to air-dry for 5-10 min (see Note 13). 

5. Gently lay one nitrocellulose membrane, cut to the shape of 
the gel, on top of the gel (see Note 14). 

6. Gently lift the gel-membrane sandwich from the glass plate 
and place it on a Whatman no. 3 filter (place membrane side 
directly on the filter paper and the exposed gel side on top) 
cut to the size of the gel. 

7. Place a second nitrocellulose membrane, cut to the shape of 
the gel, on top of the gel, followed by a Whatman no. 3 filter 
paper cut similarly (see Note 14). 

8. Place the nitrocellulose-gel-filter paper sandwich between 
two mini-PROTEAN® 3 System glass plates and secure with 
clamps. 

9. Place this assembly in a prewarmed humidified plastic con- 
tainer (Fig. 1) and incubate at 37°C for 30 min (^^Note 15). 
Remove the membranes for immunoblotting (see Note 16) 

(Fig- 2). 
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Fig. 1. Gel membrane assembly for the nonelectrophoretic transfer of proteins from SDS-PAGE gels to nitrocellulose 
membranes to obtain up to 12 blots. The polyacrylamide gel is sandwiched between two membranes, filter paper, and 
glass plates and incubated at 37°C for varying periods of time to obtain up to 12 blots (reproduced from (10) with 
permission from Elsevier). 
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10. Repeat this procedure with another set of nitrocellulose 
membranes and incubate the assembly at 37°C for 2 h to 
obtain two more blots from the same gel (see Note 17). 

11. Use the same gel further to obtain blots by repeating this 
procedure to obtain a total of 12 blots. Incubate the gel with 
the respective membranes for a period of 3 or 4 h to obtain 
the third and fourth sets of blots. Obtain the fifth and sixth 
sets of blots (Fig. 3) by incubating with the respective mem- 
branes for a period of 9 or 36 h, respectively (see Note 18). 



B 




2 1 



-118 
-86 

- 51.6 



34.1 
29 



19.2 
7.5 




Fig. 2. Ro 60 immunoblots obtained following nonelectrophoretic transfer for 30 min or 2 h. 
(a) One of two Ro 60 blots obtained by the first incubation of nitrocellulose membranes 
on either side of the gel at 37°C for 30 min. (b) A blot from the second set (blots 3 and 
4) obtained from the same gel following incubation at 37°C for 2 h (reproduced from (6) 
with permission from Elsevier). 
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Fig. 3. Immunoblots obtained using spectrin as antigen. Lane 1 in A-F shows prestained SDS-PAGE molecular weight 
standards. Lane 2 shows spectrin probed with either preimmune (B, C, F ) or antispectrin rabbit sera (A, D, E). (A) shows 
one of the first two blots obtained and has been probed with antispectrin. (B) shows the second of the two blots of the first 
set obtained from the reverse side of the gel and was probed with preimmune sera. (C, D) show the fifth set (blots 9 and 
1 0) of immunoblots probed with preimmune and antispectrin sera, respectively. (E, F ) show the sixth set (blots 1 1 and 1 2) 
of blots probed with antispectrin and preimmune sera, respectively (reproduced from (6) with permission from Elsevier). 
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12. Cut excess membrane to smoothen edges and also cut the 
spectrin- containing membrane into individual lanes (see 
Note 19). 

13. Block the membranes with blocking solution for 1 h. 

14. Add appropriate antisera to the membranes (antispectrin, 
anti-Ro 60, or control sera) and incubate for 2 h. 

15. Rinse membrane strips with deionized water 2-3 times (see 
Note 20). 

16. Wash 5x with TBST, 5 min each time. 

17. Add anti-human IgG or anti-rabbit IgG alkaline phosphatase 
conjugate (1:5,000 dilution, diluted in diluent) and incubate 
for 1 h. 

18. Wash as in steps 15 and 16. 

19. Add 500 |LiL of nitroblue tetrazolium/BCIP substrate and 
let bands develop (see Note 8). 

20. Rinse 2-3 times with deionized water (see Note 20). 

21. Wash with TBST and arrange strips on paperboard inserts 
(see Note 21). 



4. Notes 



1 . Having water at the bottom of the cylinder helps to dissolve 
Tris relatively easily, allowing the magnetic stir bar to go to 
work immediately. If using a glass beaker, Tris can be dis- 
solved faster provided the water is warmed to about 37°C. 
However, the downside is that care should be taken to bring 
the solution to room temperature before adjusting pH. 

2. Concentrated HC1 (12 N) can be used at first to narrow the 
gap from the starting pH to the required pH. From then 
on it would be better to use a series of HC1 (e.g., 6 N and 
1 N) with lower ionic strengths to avoid a sudden drop in 
pH below the required pH. 

3. Wear a mask when weighing acrylamide. To avoid exposing 
acrylamide to coworkers, cover the weigh boat containing 
the weighed acrylamide with another weigh boat (similar 
size to the original weigh boat containing the weighed acry- 
lamide) when transporting it to the fume hood. Transfer the 
weighed acrylamide to the cylinder inside the fume hood and 
mix on a stirrer placed inside the hood. Unpolymerized acry- 
lamide is a neurotoxin and care should be exercised to avoid 
skin contact. Mixed resin AG 501-X8 (D) (anion and cation 
exchange resin) is used when acrylamide solution is made, 
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since it removes charged ions (e.g., free radicals) and allows 
longer storage. Some investigators store the prepared acry- 
lamide along with this resin in the refrigerator. However, we 
filter them out before storage. The used mixed resin should 
be disposed as hazardous waste. Manufacturer's warning 
states that this resin is explosive when mixed with oxidizing 
substances. The resin contains a dye that changes from blue- 
green to gold when the exchange capacity is exhausted. 

4. The acrylamide solution can be stored at 4°C for 1 month. 
Acrylamide hydrolyzes to acrylic acid and ammonia. The acr- 
ylamide mixture, buffer, and water can be prepared in large 
batches, frozen in aliquots (for greater day-to-day repro- 
ducibility), and used indefinitely (see JLef.14). Remove the 
required amount, bring to room temperature, and add the 
other ingredients for polymerization. However, in our labo- 
ratory we make the acrylamide solution fresh about every 
month when we cast our own gels. 

5. We find that it is best to prepare this fresh each time. 

6. We find that storing at 4°C reduces its pungent smell. 

7. Simple method of preparing running buffer: Prepare lOx 
native buffer (0.25 M Tris, 1.92 M glycine). Weigh 30.3 g 
Tris and 144 g glycine, mix, and make it to 1 L with water. 
Dilute 100 mL of lOx native buffer to 990 mL with water and 
add 10 mL of 10% SDS. Care should be taken to add SDS 
solution last, since it makes bubbles. 

8. SDS precipitates at 4°C. Therefore, the lysis buffer needs to 
be warmed prior to use. 

9. Dilute 100 mL of lOx native buffer to 800 mL with water 
and add 200 mL of methanol. Avoid adding methanol 
directly to the lOx buffer, since it precipitates its ingredients. 
Even in such a scenario the precipitate can be redissolved by 
the addition of 800 mL water. 

10. Add 100 mL of lOx TBS to a 1 L graduated cylinder and 
make it to about 800 mL with water. Transfer 50 g skim milk 
powder into the cylinder and stir until dissolved. Make to 1 
L with water. Separate 500 mL as the blocking solution. To 
the remaining 500 mL add 250 \iL of Tween-20 (cut end of 
blue tip to aspirate Tween-20 easily), dissolve, and use it as 
the diluent. 

11. The gel cassette was sealed at the base using 1% agarose. 
Overlay the resolving gel with water for gels having acryla- 
mide concentration lower than 8% and use isobutanol (or 
isobutanol saturated with water) for gels of 10% or greater 
(see Ref. 15). This overlay prevents contact with atmospheric 
oxygen (which inhibits acrylamide polymerization) in addi- 
tion to helping to level the resolving gel solution. 
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12. Centrifuging the samples prior to the run helps remove insol- 
uble debris, which could produce streaks in the protein lanes 
(revealed when stained with Coomassie Blue). Add a drop of 
0.1% BPB to the upper chamber buffer. This helps to form a 
much stronger dye front during the electrophoretic run. 

1 3 . Membrane contact with the gel is much better when the gel 
is not moist. Therefore, it is important to dry the gel for 
5-10 min. The membrane will now stick well to the gel and 
the gel will peel off the bottom glass plate by just lifting the 
membrane. 

14. Hold the two top corners of the membranes with each hand. 
Lower the bottom part of the membrane first on the lower 
part of the gel and gently release the membrane little by little 
to lay the complete membrane on the gel. This will prevent 
trapping of bubbles in between the gel and the membrane. A 
10 mL pipette was used to roll out the air bubbles from the 
gel-membrane sandwich prior to placing in transfer cassette. 
In the case of the gel with spectrin, cut the membrane to fit 
the two lanes of the gel. 

1 5 . The humid chamber consisted of a closed plastic container 
with a moist Terri Wipes paper towel (Kimberly-Clark, 
Neenah, WI, USA) at the bottom. The container must be 
big enough to contain the nitrocellulose-gel-filter paper 
assembly encased within the glass plates. 

16. The second set of two blots was also obtained following 
incubation with the gel for 1 h (see Fig. 3b, c). 

17. When removing the nitrocellulose membranes from the gel 
for immunoblotting, it would be common to find that the 
gel comes up stuck to one of the two membranes. To remove 
this membrane from the gel, place a fresh, dry nitrocellulose 
membrane on top of the gel and gently lift the gel. The gel 
becomes stuck to this fresh membrane, thus releasing the 
other membrane. 

18. The gel dries, inspite of placing in humid chamber, when 
incubated for longer time periods (36 h). Therefore, it is 
best to use the blots obtained after 12-h incubation with the 
membrane. 

19. Cut a tiny wedge from the bottom left side of the marker 
lane and the main membrane sheet for orientation purposes. 
Also, in the case of the membranes with spectrin (see Sub- 
heading 3.1, item 3), excise the spectrin lane from the pro- 
tein marker lane after matching each spectrin lane with its 
specific protein marker lane with pencil marks. 

20. Rinsing the membrane strips with deionized water 2-3 times 
will help remove a bulk of the nonspecific antibodies and 
help reduce the amount of TBST used subsequently and also 
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21. 



reduce the number of washes. This wash helps to reduce 
nonspecific binding of NBT/BCIP to the strip. The water, 
owing to its low ionic strength compared with TBST, will be 
able to remove contaminants much better than TBST. Water 
is much cheaper than TBST, in terms of money and labor. 
Other investigators have found no reduction in detection of 
specific signals due to washing with water (16). 

We use paper boards placed in between stacks of ELISA 
plates in packages of ELISA plates (Costar, Cambridge, MA, 
USA) for this purpose. 
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Chapter 9 



Slice Blotting 



Graeme Lowe 



Summary 

Slice blotting is a technique for recording the spatial distribution of extracellular signaling molecules 
released from thin slices of living tissue. Slices are positioned on the surface of a membrane that can trap 
secreted substances diffusing from the tissue. The pattern of membrane -bound antigens is subsequently 
visualized by immunoblotting. 

Key words: Slice, Immunoblot, Secretion 



1. Introduction 



A variety of functional imaging technologies can be applied to 
visualize communication between cells in diverse structured 
systems, ranging from neuronal circuits of the brain to the 
developing embryo. Many techniques are indirect, inferring 
intercellular communication by detecting intracellular signals or 
gene expression. Methods for directly imaging extracellular signals 
are limited in the kinds of molecules that can be detected. Slice 
blotting fills a gap in the spectrum of available methods, allowing 
investigators to map patterns of secretion for a broad range of 
signaling compounds. 

The basic steps of slice blotting are relatively simple and 
easily implemented in most laboratories without a major invest- 
ment in specialized equipment (see Fig. 1). Tissue slices are cut 
using a vibrating blade sheer and incubated in vitro on a blotting 
membrane for a set time period, under physiological conditions 
determined by the experimenter. During the incubation period, 
secreted molecules escaping the tissue matrix by diffusion are 

Biji T. Kurien and R. Hal Scofield (eds.), Methods in Molecular Biology, Protein Blotting and Detection, vol. 536 
© Humana Press, a part of Springer Science + Business Media, LLC 2009 
DOI: 10.1 007/978-1 -59745-542-8_9 

67 



68 



Lowe 




Fig. 1. Steps in slice blotting. A rat brain is extracted (A) and in vitro slices are cut (B). The slices are placed onto the 
surface of porous nitrocellulose membranes (C) and incubated in saline solution for a fixed time period. Immunoreactive 
signaling molecules released from slices are bound to the membranes (D), which are then developed using western 
blotting protocols to reveal the distribution of release sites (E). 



bound and immobilized by the membrane. Afterward, the tissue 
slice is removed and the membrane is processed using standard 
western blot methods (1, 2) using primary antibodies to probe 
for particular antigens, and secondary antibodies for staining. 

The slice blotting protocols described here were used to detect 
and visualize secretion patterns of neuropeptide -Y (NPY) from 
in vitro rat brain slices (midbrain and brainstem) stimulated by high 
potassium (3). Potassium treatment caused strong depolarization 
and action potential firing of NPY- containing nerve terminals, 
releasing peptide that was collected on nitrocellulose membranes. 
Similar protocols were applied to detect unstimulated release of a 
chemotactic guidance molecule, semaphorin III and glial cell line- 
derived neurotrophic factor (GDNF), from the rat olfactory sys- 
tem (3, 4). With appropriate modifications, these basic protocols 
should be adaptable for use in many other signaling systems. 



2. Materials 



2.1. Brain Slice 
Preparation 



1. Slicing solution, either sucrose- based: 240 mM sucrose, 2.5 
mM KC1, 10 mM Na-HEPES, 1 mM CaCl 2 , 4 mM MgCl 2 , 10 
mM glucose, 0.2 mM ascorbic acid, pH 7.3; or glycerol- based 
(same solution with 240 mM glycerol replacing sucrose). 
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2. High Mg 2+ artificial cerebrospinal fluid (Mg-ACSF): 122 mM 
NaCl, 3.75 mM KC1, 26 mM NaHC0 3 , 1 mM CaCl 2 , 3.3 
mM MgCl 2 , 0.5 mM NaH 2 P0 4 , 7.5 mM glucose. 

3. Standard ACSF: 122 mM NaCl, 3.75 mM KC1, 26 mM 
NaHCO s , 2 mM CaCl 2 , 1 mM MgCl 2 , 0.5 mM NaH 2 P0 4 , 
10 mM glucose. 

4. High K + ACSF (same as standard ACSF, but 50 mM Na + 
replaced with 50 mM K + ). 

5. Regulated gas supplies: (a) pure 2 , (b) 95% 2 , and (c) 
5% C0 2 . 

6. Fritted- glass gas dispersion tubes for bubbling solutions. 

7. Vibratome™ or other vibrating blade tissue slicer. 

8. Slice interface chamber: This is a closed 1 L plastic vessel con- 
taining a rack of nylon mesh wells where slices can be incu- 
bated prior to blotting. There is an entry port for a gas line 
(95% 2 , 5% C0 2 ) to enter and bubble the solution, and a 
small exit port. 

9. Heated water bath. 



2.2. Blotting 



1. Nitrocellulose blotting membrane (e.g., Amersham Hybond™ 
ECL™, 0.45-um pore size, 100-|Lim thickness, GE Health- 
care Life Sciences, Piscataway, NJ, USA). Using thin mem- 
branes facilitates rapid 2 diffusion to both sides of the 
slice. 

2. Plastic pipette tips (1 mL capacity), razor blade. 

3. Acrylic block 5 cm x 5 cm x 1 cm, with fine slots cut into top 
surface (3 mm deep, 0.2 mm wide). 

4. Fine surgical forceps. 

5. Pipettor with 200 |LiL pipette tips. 

6. 500 mL dish or beaker. 



2.3. Immunostaining 



1. Tris-buffered saline-Tween 20 (TBST): 0.9% NaCl, 100 mM 
Tris-HCl, 0.1% Tween 20 ( Sigma- Aldrich, St. Louis, MO, 
USA), pH 7.5. 

2. Goat serum (Vector Laboratories, Burlingame, CA, USA). 

3. Primary antibody (e.g., rabbit anti-NPY antibody, Sigma- 
Aldrich). 

4. Biotinylated secondary antibody (e.g., biotinylated anti-rabbit 
IgG made in goat, Vector Laboratories). 

5. Vectastain™ Elite™ ABC (Avidin Biotinylated Enzyme 
Complex) Kit (Vector Laboratories). 

6. Vector™ VIP Peroxidase Substrate Kit (Vector Laboratories). 
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3. Methods 



3. 7. Brain Slice 
Preparation 



Techniques for preparing in vitro brain slices have been well doc- 
umented, and different laboratories may employ slightly differ- 
ent solutions and procedures. The slice blotting procedure yields 
best results when tissue is optimally healthy, and cell damage or 
death associated with slicing is kept to a minimum (see Note 1). 
The protocol described here is a variant of a widely used method 
that replaces sodium chloride with equimolar sucrose in the slic- 
ing solution, to reduce cell damage caused by chloride influx (5). 
A similar strategy using glycerol as the replacement solute to main- 
tain osmolarity has also been applied successfully to improve slice 
health (6). Lowered Ca 2+ and elevated Mg 2+ are included to sup- 
press depolarization and Ca 2+ entry associated with NMDA receptor 
activation by glutamate released when slicing brain tissue. Ascorbic 
acid is added to scavenge free radicals during slicing. 

1 . Freeze a volume of slicing solution half- filling the bath vessel 
used to prepare slices, and layer chilled (4°C) unfrozen slicing 
solution on top of the frozen solution (or, use active cooling 
system of the slice bath if it is available on the slicer). Bubble 
with 2 gas. 

2. Fill slice interface chamber with Mg-ACSF, bubbled with 95% 
2 , 5% C0 2 gas, and warm it to 32°C in a water bath. 

3. Decapitate an anesthetized rat, remove the brain, and block 
off the portion to be sliced. Using a cyanoacrylate adhesive, 
attach the blocked brain to a slicing stage and submerge in the 
chilled, bubbled bath of the slicer. 

4. Cut 300-400 jim-thick slices. 

5 . Transfer freshly cut slices to nylon mesh wells of slice interface 
chamber. Slices should be floated on the air-water interface of 
each well to maximize their contact with humidified 2 /C0 2 
gas. This can be done by momentarily raising the nylon mesh 
bottom above the air-water interface. 

6. Remove the interface chamber from the water bath, and allow 
it to cool slowly to room temperature (23°C) over a 30-60 
min period. 

7. Replace the solution in interface chamber with standard 
ACSF. 
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Cut sheets of nitrocellulose membrane into small rectangles. 
The size of membrane to use depends on the size of the slices 
(e.g., 1-1.5 cm x 1.5-2 cm for rat brain). 

Place a nitrocellulose rectangle onto the cut end of a vertically 
oriented 1 mL plastic pipette tip, or similar vertical support 
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(e.g., a short acrylic rod). The support is smaller in diameter 
than the rectangle. This allows a drop of solution to be pipet- 
ted onto the membrane without the liquid spreading and 
spilling off the edges. 

3. Pick up a slice from the interface chamber using a truncated 
1 mL pipettor tip and deposit it onto the nitrocellulose rectangle. 
Pipette off excess solution until the slice settles flat onto the 
membrane surface. Using forceps, pick up the membrane and 
lay it onto absorbent tissue or filter paper, with the slice surface 
up - this will remove remaining solution by drawing it through 
the filter, causing the slice to adhere to the membrane. It is 
important to make sure that there are no kinks in the slice. 

4. Immediately submerge the membrane and attached slice in a 
bath of standard ACSF bubbled with 95% 2 , 5% C0 2 gas. 
Many membrane rectangles can be suspended in the same bath 
by holding them edgewise in thin slots of a machined acrylic 
block. They might also be submerged in multiwell plates with 
nylon mesh bottoms, similar to the way individual slices were 
kept in the interface chamber. 

5. To stimulate or modulate release or secretion of signaling 
molecules, the incubating bath solution can be changed. For 
example, incubating in high K + ACSF will depolarize and drive 
the release of neurotransmitters or neuromodulators from pre- 
synaptic terminals {see Note 2). Pharmacological agents can 
be added to modulate secretion. Incubation period is variable, 
but 10-40 min exposure to high K + was sufficient to register 
immunodetectable NPY release from rat brain {see Note 3). 

6. After blotting, remove slices from nitrocellulose membranes 
with a gentle squirt of ACSF from a 200 |LiL pipette tip. Rinse 
membranes in water, air- dry, and store at -20° C until staining. 
Tissue slices can be retained and further processed using other 
procedures if necessary. 

3.3. Immunostaining Conventional western blotting procedures can be applied to the 

nitrocellulose slice blots to visualize patterns of bound antigens. 

1. Rinse nitrocellulose membranes for 30 min in TBST. 

2. Incubate for 30 min in TBST + 3% goat serum (blocking 
serum). 

3. Incubate for 30 min in TBST +1.5% goat serum + primary 
antibody (e.g., 1:2,000 dilution of rabbit anti-NPY antibody, 
Sigma-Aldrich). 

4. Rinse three times, 10 min, in TBST. 

5 . Incubate for 60 min in TBST +1.5% goat serum + biotinylated 
secondary antibody (e.g., 7.5 |Llg/mL biotinylated anti-rabbit 
IgG, made from goat, Vector Laboratories). 
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6. Rinse three times, 10 min, in TBST. 

7. Incubate for 60 min in ABC solution. Prepare the ABC solu- 
tion 30 min ahead of this step (i.e., two drops of solution A 
+ two drops of solution B, per 5 mL TBST). 

8. Rinse three times, 10 min, in TBST. 

9. Incubate for up to 30 min in VIP solution (i.e., three drops 
of Reagent 1 + three drops of Reagent 2 + three drops of 
Reagent 3 + three drops of hydrogen peroxide). The darken- 
ing due to peroxidase reaction can be monitored visually. 

10. Rinse three times, 10 min, in TBST, after a strong contrast 
blot pattern is obtained. 

1 1 . Record blot patterns immediately by photographic or digital 
imaging. Nonspecific staining on membranes (see Note 2) 
tends to darken over time, reducing contrast. Darkening can 
be slowed by storing membranes at low temperature (-20°C 
in 80% glycerol). 



4. Notes 



Slice blotting can be sensitive to nonspecific background stain- 
ing that may arise when the tissue is not in optimal health. 
Neurons in some brain regions may be more easily damaged 
by slicing due to their intrinsic structure, such as having wide- 
spread dendritic arbors. In these cases, it is expected that injured 
cells may more readily lyse during slice handling and blotting, 
which would contribute to elevated background staining. Some 
degree of background is expected because direct contact with 
the nitrocellulose membrane is likely to rupture a thin layer of 
surviving cells at the surface of the slice, leading to nonspecific 
release of contents. If slices become sticky (e.g., they cannot 
be easily lifted off the membrane by a gentle pulse of saline 
solution), major cell damage is indicated, and slices should be 
discarded. Cell condition can be checked by examining slices 
directly under a differential interference contrast microscope. 

To verify a signal, it is important to set up a series of con- 
trol blots in which the blotting conditions are varied. For 
example, in brain slices treated with high K + , controls would 
correspond to incubation in a low K + ACSF solution. Other 
controls to determine the level of nonspecific background 
staining include omitting primary antibody, or preabsorbing 
primary antibody with antigen before applying to a blot. 

Slice blotting integrates signal over time, so weak signals can 
be amplified by incubating slices on a blotting membrane for 
extended time periods. 
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Localizing Proteins by Tissue Printing 



Rafael F. Pont-Lezica 



Summary 

The simple technique of making tissue prints on appropriate substrate material has made possible the 
easy localization of proteins, nucleic acids, carbohydrates, and small molecules in a tissue -specific mode. 
Plant tissues can be used to produce prints revealing a remarkable amount of anatomical detail, even 
without staining, which might be used to record developmental changes over time. In this chapter we 
will focus on the protocols for the localization of proteins and glycans using antibodies or lectins, probably 
the most frequently used application, but the localization of other molecules is reported and the sources 
indicated. 

Key words: Immunodetection, Tissue blotting, Protein localization, Western blotting 



1. Introduction 



Fifty years ago, the first series of film printing for the localization 
of several enzymes (protease, amylase, RNAse, and DNAse) was 
realized by placing cryostat sections of various organs on gelatin, 
starch, or gelatin-nucleic acids (1). Those films were then stained 
for the substrate, giving a negative image. Since both substrates 
and enzymes were macromolecules with slow diffusion rates, the 
images obtained were clear. The availability of several membranes 
such as nitrocellulose, Nytran, Genescreen, and Immobilon 
[polyvinylidene difluoride (PVDF)] designed to bind proteins 
and nucleic acids opens a new era in tissue blotting, and a book 
edited by Reid et al. (2) included numerous protocols for the 
visualization of enzyme activities, protein and glycan localization, 
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and gene expression, in plants and some animal tissues. Nitrocel- 
lulose membrane adsorbs relatively large quantities of proteins 
that are tightly bound, whereas it usually does not retain salts 
and hydrophilic small molecules. This type of membrane has 
been used for transferring proteins separated by sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis to membranes for 
immunological detection. The procedure involves the electro 
elution of the negatively charged proteins from the gel to the 
membrane, followed by the visualization of the targeted protein 
with specific antibodies. The basic principle of tissue printing is 
that much of the contents of the cells at the surface of a freshly 
cut tissue section can be transferred to an adhesive or absorptive 
surface with little or no diffusion, by simple contact (3). The 
obtained imprints reveal anatomical details that are difficult to 
see without fixing, embedding, and then sectioning; however, the 
resolution of anatomical prints is inferior to that of classical fixed 
and stained sections. The procedure is particularly useful with big 
samples such as sections of fruits, tubers, or stems, revealing the 
distribution of particular proteins in the whole organ (4, 5). 

A digest of different applications of tissue printing for the 
detection of particular proteins, glycans, mRNA, enzyme activi- 
ties, and microorganism in plants is given in Table l.The steps to 
make a print and to show the localization of proteins using specific 
antibodies, as well as the necessary precautions to avoid nonspe- 
cific staining in plant tissues, will be described in this chapter. 



Table 1 

Different applications of tissue prints for the detection of enzyme activity, specific 

proteins, virus, gene expression, and carbohydrates in plant tissues 



Detected 


Tissue 


Assay 


Film 


References 


Enzyme activity 


Amylase 


Barley aleurone, pole 
bean hypocotyl, and 
cotyledons 


Negative stain I 2 .KI 


Starch 


(6,7) 


p-Glucosidase 


Oil palm 


Naphtyl-glucoside 


NC 


(8) ^H 


Catalase 


Various 


Negative stain I 2 


KI starch- 
H 2 2 


(9) 


Cinnamyl alcohol 
dehydrogenase 


Tomato, poplar 


NBT, NADP + , PMS, 
conyferyl alcohol 


NC 


(10) ■ 


Endo-p- 
mannanase 


Coffea beans 


Gel-locust bean gum 


Paper 


(ID 



(continued) 
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Table 1 
(continued) 



Detected 


Tissue 


Assay 


Film 


References 


Laccase 


Sycamore cells 


4-Methylcatechol, 
syringaldmine 


NC 


(12) 


Myrosinase 


Turnip and horse 
radish 


Sinigrin-glucose oxidase- 
peroxidase system 


PVDF 


(13) 


Peroxidase 


Pea epicotyls 


oc-Phenilene diamine 


NC 


(14) ^| 


Polyphenol 
oxidases 


Tomato 






(15) 


Protease 


Pea, mung bean 


Negative stain 


Gelatin- 
India 
ink 


(16, 17) 


Tyrosinase 


Mushrooms 


Tropolone & L-dopa 


NC 


(18) 


Proteins 


Allergens 


Pollen 


Immunodetection 


NC 


(19) 


Antifreeze proteins 


Winter rye 


Immunodetection 


NC 


(20) ^| 


Cardosin A 


Artichoke 


Immunodetection 


NC 


(21) 


Cellulase 


Abscission zones 
various plants 


Immunodetection 


NC 


(22, 23) 


Cys-rich proteins 


Soybean stem and pod 


Fluorescent S-cor- 
boxymethylation 


NC 


(24) 


Endoxylanase 
(fungal) 


Tobacco 


Immunodetection 


Nylon 


(25) ^M 


Expansins 


Rice 


Immunodetection 


NC 


(26) 


Extensin, HRGPs 


Soybean, bean, maize 


Immunodetection 


NC 


(27-29) 


Ferritin 


Transgenic rice 


Immunodetection 


NC 


(30) 


Glutamine synthase 


Potato 


Immunodetection 


NC 


(3D ^| 


GRPs 


Bean, soybean 


Immunodetection 


NC 


(32-34) 


Laccase 


Sycamore 


Immunodetection 


NC 


(12) ^| 


Lectins 


Potato tuber, 
Canavalia seeds 


Immunodetection 


NC 


(5, 35) 


Lipid transfer pro- 
teins 


Sunflower 


Immunodetection 


NC 


(36) ■■ 


Lipoxigenase 


Tomato fruit 


Immunodetection 


NC 


(37) 


Natriuretic 
peptide 


Ivy, potato 


Immunodetection 


NC 


(38) ^M 


Polygalacturonase 


Tomato fruit 


Immunodetection 


NC 


(4) 
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Table 1 
(continued) 



Detected 


Tissue 


Assay 


Film 


References 


Virus 


Bromovirus 


Cowpea 


Immunodetection 


NC 


(39) 


Pox virus 


Plump 


Immunodetection 


NC 


(40) ^| 


Several viruses 


Plump, Malus 


Immunodetection 


NC 


(41) 


Soybean MV 


Soybean leaves 


Immunodetection 


NC 


(42) H 


Tobacco MV 


Tobacco leaves 


Immunodetection 


NC 


(43, 44) 


Virus and 
mycoplasma 


Sybean leaves 


Immunodetection 


NC 


(45) 


Zucchini yellow 
mosaic 
potyvirus 


Melon leaves 


Immunodetection 


NC 


(46) 


Gene expression 










Dirigent proteins 


Forsythia 


RNA-RNA hybridization 


Nylon 


(47) 


Arabinan 


Lemon 


Immunodetection 


NC 


(48) ^| 


p-Conglycinin 


Soybean seeds 


RNA-RNA hybridization 


NC 


(49) 


Extensin, HRGP 


Soybean seeds, tomato, 
petunia, tobacco 


RNA-RNA hybridization 


NC, 
nylon 


(33, 49) 


Pectin Me- esterase 


Tomato 


RNA-RNA hybridization 


NC 


(50) 


SAUR 


Soybean shypocotyls 


RNA-RNA hybridization 


NC 


(51) ^| 


Carbohydrates 


Glycoconjugates 


Soybean seed, potato 


Periodic acid-DNS 
hydrazine 


PVDF 


(52) 


Man- and Gal-con- 
taining proteins 


Soybean seed and pod 


Fluorescent lectins 


NC 


(52) 


Pectic-galactan 


Tomato 


Immunodetection 




(53) 



2. Materials 



2. 7. Doing a Tissue 
Print 



1. Whatman no. 1 filter paper (Fisher Scientific Company, Pitts- 
burgh, PA, USA). 

2. Blotting membrane: nitrocellulose (type BA-85, Schleicher 
& Schuell, St. Marcel, France), nylon (Zetaprobe, Bio-Rad, 
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Richmond, CA, USA), Immobilon P, 0.45 |Lim (Millipore 
Corp, Bedford, MA, USA). 

Double-edged razor blades, forceps, rubber gloves, paper to 
protect the membrane, acrylic sheet, marking pen. 

Hand lens or microscope for viewing the specimen, and the 
biological material (Fig. la). 




Fig. 1 . Detailed description of the steps involved in tissue printing. (A) Materials required, (B) cutting the tissue, (C) plac- 
ing the section on the membrane, (D) protecting the section and the print, (E) applying pressure and (F) removing the 
section (reprinted from (2) with permission from Elsevier). 
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2.2. Detection of Total 
Proteins in a 
Tissue Blot 



2.3. Revealing Pro- 
teins with Antibodies 



1 . Nitrocellulose (NC) membrane, 0.45-|Lim pore size (Schleicher & 
Schuell, St. Marcel, France) (another membrane may be used). 

2. Tris buffered saline (TBS)-Tween-20 (TBST): 20 mM Tris- 
HC1 (pH 7.5), 0.15 M NaCl, and 0.05% Tween-20. 

3. India ink staining: l-|LiL Pelikan India ink/mL of PBST. 

1. Nitrocellulose membrane, 0.45 -|Lim pore size (Schleicher & 
Schuell, St. Marcel, France) (another membrane may be used). 

2. TBST. 

3. Blocking buffer: 0.25% gelatin and 0.025% bovine serum 
albumin (BSA) in TBST. 

4. Primary antibody: antibodies against the targeted protein 
(potato lectin in this case), in blocking buffer (1:15,000 
dilution for the antibody against the deglycosylated lectin). 

5. Secondary antibody: goat anti-rabbit alkaline phosphatase 
(AP) conjugate F(ab) 2 fragment (Sigma Chemical Company, 
MO, USA), 1:20,000 dilution in blocking buffer. 

6. AP buffer: 0.1 M Tris-HCl (pH 9.5), 0.1 M NaCl, and 5 
mM MgCl 2 . 

7. AP substrates: nitro blue tetrazolium (NBT) (Promega, 
Fitchburg, WI, USA), 50 mg/mL in 70% methanol diluted 
33:10,000 in AP buffer, and 5-bromo-4-chloro-3-indolyl 
phosphate (BCIP) (Promega, Fitchburg, WI, USA), 50 
mg/mL in dimethyl formamide diluted 66:10,000 in AP 
buffer. 



2.4. Localizing Cell 
Wall Proteins In Plants 



1. NC membrane. 

2. 0.2 M CaCl 2 ~ 2H 2 0. 

3 . Primary antibody: specific antiextensin polyclonal antibodies 
raised from purified soybean seed coat extensin (27) diluted 
1:15,000. 

4. Secondary antibody: AP conjugated antibody anti-rabbit 
immunoglobulin IgG (Fc). 

5. TBS: 0.9% NaCl in 20 mM Tris-HCl (pH 7.4) plus 0.3% 
Tween-20 and 0.05% sodium azide (NaN 3 ). 

6. Blocking buffer: 0.25% (w/v) BSA, 0.25% (w/v) gelatin, 
and 0.3% (v/v) Tween-20 in TBS. 

7. AP buffer: 0.1 M Tris-HCl (pH 9.5), 0.1 M NaCl, and 5 
mM MgCl 2 . 

8. AP substrate solution: 66-|LiL NBT and 33-|LiL BCIP 
(Promega, Fitchburg, WI, USA) in 10-mL AP buffer. 

9. 3 MM Whatman filter paper (Fisher Scientific Company, 
Pittsburgh, PA, USA). 
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3. Methods 



3. 1. Doing a Tissue 
Print 



1. Place several layers of filter paper on a smooth, hard surface, 
and place a blotting membrane on top. Use a double-edged 
razor blade to cut a tissue sample (Fig. lb) (see Note 1). 

2. Using forceps transfer the tissue section to the membrane (see 
Note 2). Several successive sections can be printed on the 
same piece of membrane (Fig. lc). 

3. Place a small piece of nonabsorbent paper over the section to 
protect the membrane from fingerprints (Fig. Id) (see Note 3). 

4. Apply the appropriate amount of pressure to the section for 
the type of print desired. A chemical print requires only light 
pressure, but a physical print requires several times as much. 
The proper pressure also varies with the tissue used (Fig. le). 

5. Gently remove the protective paper and the section with forceps, 
and air-dry the print with warm air, and observe (Fig. If). 

6. The prints may be illuminated from the top or from the one 
side by white or UV light and may also be viewed with trans- 
mitted light. 



3.2. Detection of Total 
Proteins in a Tissue 
Blot 



It is useful to have an image stained for total proteins in the blot, 
which will indicate the pattern of protein distribution in the tissue, 
as well as some indications on the different tissues present in the 
section. We have used India ink staining (54) for total protein on 
nitrocellulose membranes since Coomasie Blue stain gives a strong 
background. The same tissue slice can be printed several times, 
showing the tissues with higher amount of proteins (Fig. 2). 

1 . Wash the dry nitrocellulose filter twice with TBST for 5 min 
with constant shaking. 

2 . Incubate the NC membrane with India ink staining mix until 
the image appears clearly (see Note 4). 

3. Wash the print with water 5 min, and dry it. 



3.3. Revealing Pro- 
teins with Antibodies 



Chemical tissue prints result from the molecules that transfer 
from the freshly cut cells of a tissue section to the surface of a syn- 
thetic membrane, where they are retained and immobilized. The 
principal steps for tissue printing are (a) the release of the pro- 
tein of interest from the tissue, (b) the contact-diffusion transfer 
of the protein to the recipient membrane, and (c) the retention 
and binding of the protein into the synthetic matrix. The protein 
print is a mirror image of the tissue and can be used to detect and 
localize specific proteins. Retention and binding of a protein into 
the recipient matrix depend on the chemistry of the membrane 
and its ability to interact electrostatically and hydrophobically 
with the protein of interest. NC membranes have a high binding 
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Fig. 2. Tissue print of a cross section from a celery stalk stained for total proteins with 
India ink. The same section was printed a first time (upper image) and a second 
time (lower image). Most of the proteins from the cut cells were transferred on the 
first print, and the second one shows mainly the apoplastic proteins abundant in some 
tissues. 



capacity for proteins and should be tried first for printing a new 
type of protein molecule. Adding methanol to the transfer buffer 
increases the capacity and affinity on NC for proteins, presum- 
ably by promoting hydrophobic interactions {see Note 5). 

Methods for detecting the protein of interest bound to the 
imprinted membranes must be specific and sensitive. Best results 
are achieved by using antibodies raised against the targeted 
protein. An enzyme-conjugated secondary antibody raised against 
the primary antibody is commonly used to visualize the bind- 
ing between the primary antibody and the antigen {see Note 6). 
To reduce background from nonspecific cross reactions, the pri- 
mary antibody is combined either with 1% (v/v) normal serum 
from the species in which the secondary antibody was raised or 
with a low concentration of sodium dodecyl sulfate or Tween-20. 
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The following procedure was used to localize potato lectin 
by means of polyclonal antibodies against the native and deglyco- 
sylated potato tuber lectin (5). 

1. Cut a section of the tissue about 1-mm thick with a new razor 
blade, and gently wipe the surface with a filter paper to absorb 
excess liquid. Put the freshly cut surface on the membrane, 
and press for 10-15 s (see Note 7). 

2. Transfer the printed membrane to TBST, and wash away the 
unbound material two times for 5 min each in a shaker. 

3 . Block the unoccupied site of the membrane by shaking the 
membrane in a blocking buffer for 30 min at room tempera- 
ture (RT). 

4. Transfer the membrane to the first antibody solution (antilectin 
serum), and incubate overnight in a refrigerator or for 2 h 
at RT. For controls either use preimmune serum at the same 
dilution or skip the first antibody step (see Note 8). 

5. Wash the membrane in TBST three times for 10 min each. 

6. Incubate the prints with the secondary antibody (goat anti- 
rabbit alkaline phosphatase in this case) for 2 h at RT. 

7. Wash the membrane several times with TBST (five washes of 
5 min each) (see Note 9). 

8. Incubate the prints in AP substrates at RT until the reaction 
product is observed; treated and control prints should be incu- 
bated under the same conditions (see Note 10). The result of 
this tissue printing method is shown in Fig. 3 . 

3.4. Localizing Cell The presence of a cell wall is one of the outstanding features 

Wall Proteins in Plants distinguishing plant cells from those of animals. The cell wall is 

not an organelle with relatively constant functions; rather, it is 
subject to continuous developmental processes that govern cell 
size, division, shape, and function. In addition to the well-known 
polysaccharides present in the cell wall, proteins are important 
modulators of cell wall structure and function (55). One of the 
best characterized cell wall proteins is extensin, a basic hydroxy - 
proline-rich glycoprotein important for cell wall structure. It is a 
difficult protein to isolate, because high proportion of it becomes 
insolubilized in the wall, but it can be extracted with a solution 
with high salt concentration. A modification of the tissue print 
method was developed (27) to transfer cell wall proteins to NC, 
soaking the membrane previously in 0.2 M CaCl 2 and then printing 
the tissue. 

1. Soak the NC membrane in 0.2 M CaCl 2 for 30 min, and dry 
on 3 -MM Whatman paper. 

2. Cut fresh tissue into sections of 0.3-3 -mm thick with a new 
razor blade, previously washed in distilled water for 3 s and 
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Fig. 3. Tissue prints of potato stem incubated with antibodies raised in rabbit against 
the deglycosylated lectin, followed by goat anti-rabbit AR (A) Transverse section. (B) 
Magnification of a stem sector with lateral illumination showing greater detail of lectin 
localization. The lectin is present only in the outer (op) and inner phloem (ip). The stain at 
the epidermis (ep) is not a positive reaction but a transfer of natural pigments (xy xylem, 
co cortex, pi pith parenchyma) (reprinted from (52) with permission from Elsevier). 



dried on Kimwipes. Then transfer each section to the NC 
membrane as indicated. 

3. Block the NC with blocking buffer for 1-3 h at RT with con- 
stant shaking. 

4. Add the primary antibody to the desired dilution in the block- 
ing buffer, and incubate the membrane for 1-3 h at RT with 
shaking. 

5. Wash the NC three times for 30 min each in TBS with agitation. 

6. Soak the NC membrane in secondary antibody (AP-conju- 
gated anti-IgG) diluted 1:20,000 in blocking buffer for 1-3 h 
with agitation. 

7. Wash the NC membrane with AP buffer, and add the AP substrate 
solution. Develop the tissue print until a color signal appears, and 
stop the reaction by washing the membrane in distilled water. 
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4. Notes 



1. Use gloves for all the manipulations to avoid finger prints 
on the membrane. It may be necessary to gently preblot the 
section on a separate piece of filter paper before printing to 
remove excess tissue exudates from cut cells and to ensure an 
accurate print. 

2. To avoid double images be careful when blotting and remov- 
ing the tissue section from the membrane. 

3. When printing a thin section (200-300 |Lim), place a piece of 
membrane on top of the section to prevent the nonabsorbent 
paper from marking the membrane under the section. 

4. The incubation time for India ink staining can be very variable, 
according to the amount of protein present in the tissue. For 
a seed blot from a legume, 15-min incubation will give a very 
good image. For other tissues such as stem or petiole, it may 
be necessary to incubate for several hours or even overnight. 

5 . In some instances NC membranes do not bind the protein of 
interest at all or else bind it only weakly. Try next a membrane 
that can react chemically with the protein, and covalently bind 
it, such as Immunodyne Immunoaffinity membrane (Pall 
Corp, Cortland, NY, USA). The type of buffer, salt concen- 
tration, and pH of the incubation mixture are important for 
protein binding and must be determined empirically. 

6. Detection of the alkaline phosphatase-conjugated second 
antibody on tissue prints from plant organs was selected 
over the peroxidase-conjugated second antibody procedure 
because the substrates used for detecting the peroxidase, 
such as O-phenylenediamine and hydrogen peroxide, will 
react with endogenous plant peroxidase activity in the tissue 
sections (14), making the immunoblotting reaction. 

7. The same tissue surface can be reprinted several times; the 
successive images will be weaker, but a good imprint can be 
found among these when the proteins are very abundant in 
a particular tissue. 

8 . To be sure that the antibody used for tissue printing is specific 
for the targeted protein, it is important to test it against a total 
protein extract of the tissue previously by SDS-PAGE, followed 
by a western blot. Only the targeted protein should be stained, 
and use the highest dilution to obtain the best results. 

9. The last wash is made with TBS without detergent to avoid 
interference with the alkaline phosphatase reaction. 

10. Occasionally some tissues show cross reaction with the goat 
serum. To avoid such a reaction, two procedures are available: 
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(a) block the prints with blocking buffer containing 1:3,000 
dilution of normal goat serum, or (b) use a secondary anti- 
body raised in a different animal. 
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Dot-lmmunobinding Assay 

S. Sumi, A. Mathai, and V.V. Radhakrishnan 



Summary 

Dot-immunobinding assay (Dot-Iba) is a simple and highly reproducible immunodiagnostic method. 
Antibody or antigen is dotted directly onto nitrocellulose membrane (NCM) discs. The diagnostic mate- 
rial to be checked can be incubated on this disc. Presence of antigen-antibody complex in NCM discs can 
be directly demonstrated with enzyme -conjugated antiglobulins and substrate. Development of a purple- 
pink colored, insoluble substrate product in the NCM will be considered a positive result in the assay. 
This assay allows the processing of multiple specimens at a time and the entire operational procedures 
require only 4-6 h. Dot-Iba is rapid, and the technical steps involved in the assay are much simpler than 
in the other immunoassays such as enzyme-linked immunosorbant assay in detecting circulating antigen 
and antibody in clinical samples. The Dot-Iba showed an overall sensitivity of 60% for tuberculous men- 
ingitis diagnosis and no false positive results were encountered. Hence, this assay is highly specific for 
the diagnosis of paucibacillary diseases such as extrapulmonary tuberculosis. Dot-Iba is best suited to 
laboratories in developing world where there are constraints in laboratory resources. 

Key words: Dot-immunobinding assay, Dot-Iba, Nitrocellulose discs, Circulating antibody 



1. Introduction 



In most of the developing world, infectious diseases continue to 
remain as one of the major public health problems. Most of these 
infectious diseases are potentially curable with appropriate anti- 
microbials. Any delay in diagnosis and treatment in patients will 
invariably lead to irreversible sequelae and complications. Devel- 
opment of newer techniques other than bacteriological methods 
has not only become essential but also is relevant for the early 
and rapid diagnosis of paucibacillary conditions as in tuberculous 
meningitis. The newly developed assay should be more sensitive 
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1. 1. Advantages 
of Dot- 1 ba 



and also possess operational advantages over the existing diag- 
nostic methods. The newly designed assay should be specific, 
cost-effective, and feasible for application in the developing world 
where there are constraints in laboratory resources (1-5). 

1. NCM discs have superior binding capacity than polystyrene 
microtiter plates. 

2 . The results can be read visually and there is no need of any 
expensive equipment such as microtiter ELISA readers. 

3 . The technical procedures involved in the assay are user- friendly, 
and laboratory personnel can be trained to undertake the assay. 

4. Large number of specimens can be handled together. 

5 . Only limited laboratory space is required and there is no need 
for extraordinary instrumentation. 

6. The NCM discs following the assay can be safely stored at 4°C 
and can be retained for review of previous results in the same 
patient. 

7. The results can be made available within 6 h after the receipt 
of the specimen in the laboratory. Hence, this assay is rapid 
and will be helpful in making decision at the bedside management 
of patients. 

8. The Dot-Iba is best suited to laboratories in developing world 
where there is a definite limitation in the laboratory resources 
and technical expertise. 



1.2. Limitations 
of Dot-Iba 



The Dot-Iba will yield positive results if the circulating antigen 
concentration (as in specimens like CSF) is less than 50 ng/mL. 
So it is possible that the assay may yield false negative results in 
patients with tuberculous meningitis who received a course of 
antituberculosis chemotherapy. 



2. Materials 



1. Punching machine. 

2. 1 -cm-Diameter circular nitrocellulose membranes (NCM). 

3. Flat bottom microtiter plates (NUNC, Denmark). 

4. Phosphate buffered saline (PBS). 

5. Bovine serum albumin (BSA). 

6. 0.15 M PBS in Tween-20 (PBST). 

7. Anti-rabbit IgG-biotin conjugate ( Sigma- Aldrich, MO, USA) 
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8. Extr-Avidin alkaline phosphatase (Sigma). 

9. Ortho dianisidine tetrazotized (0.25 mg/mL) 

10. [3-naphthyl acid phosphate (0.25 mg/mL). 

11. 0.06 M sodium borate buffer (pH 9.7). 

12. Methanol. 

13. Acetic acid. 

14. Double -distilled water. 



3. Methods 



1. Cut 1 -cm-diameter circular NCM with a clean "punching" 
machine. 

2. NCM discs should be placed properly in the "flat bottom" 
microtiter plates with fine forceps (see Note 1). 

3. 5 |LiL of antigen (see Note 2) should be carefully spotted in 
the central portion of the NCM disc and incubated for 12 h 
at4°C (see Note 3). 

4. Another incubation at 37°C for 1 h (optional). 

5 . The plates should be washed with PBST. 

6. The unbound sites in the NCMs are quenched with 3% BSA 
in PBST. 

7. Incubate the discs with 1:1,000 diluted specific monoclonal 
or polyclonal antibody for 1 h at 37°C followed by repeated 
washing in PBST. 

8. Subsequently the NCM discs are incubated with 1:1,000 
diluted anti-rabbit IgG-biotin conjugate and then Extr- 
Avidin alkaline phosphatase for 1 h, respectively, and finally 
washed thoroughly with PBST (see Note 4). 

9. The NCM discs should be completely immersed in sub- 
strate containing 0- dianisidine tetrazotized (0.25 mg/mL), 
(3-naphthyl acid phosphate (0.25 mg/mL) in 0.06 M sodium 
borate buffer (pH 9.7) for 10 min. 

10. Wash in PBST and fix in a solution containing methanol, 
acetic acid, and distilled water in the proportion 5:1:5. 

1 1 . A positive reaction is indicated by the development of purple 
to purple-pink in the central portion of the NCM discs (Fig. 1; 

see Note 5). 

12. A positive control and negative control should be included 
in the assay. 
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Fig. 1. NCM discs showing positive and negative results in Dot-lba. 



4. Notes 



1 . Circular discs should be cleanly cut with the help of a punching 
device. Discs with irregular edges and with wrinkles should not 
be used in the assay. NCM strips should be handled with a non- 
tooth and nonserrated forceps ("do not touch" with fingers). 

2. Different concentrations (5-500 ng/mL) should be tried for 
the standardization procedure. In our experience, the dot-lba 
gave positive results in all those NCM discs containing 50 ng/ 
mL and above. In other words, the lowest detection limit in 
the assay is 50 ng/mL. 

3. Do not release more than 5 |LiL of the antigen or antibody over 
the NCM disc. Also release the reagent steadily and uniformly 
over the NCM disc. Use a 5-|LiL micropipette with disposable 
tips for this purpose. During the release the reagent should 
not dribble outside the NCM disc. 

4. The immunoreagents used in the assay such as antigen and 
antibodies must be stored in aliquots in optimal amounts, 
and this should be used during the assay. This will also elimi- 
nate repeated effects of freezing and thawing. This will also 
enhance the shelf life of reagents. 

5 . As the result of the assay is interpreted by the visual exami- 
nation of the NCM, the assay should be performed during 
daylight. However, if the assay needs to be undertaken during 
the night, then a provision should be made to connect a light 
source to work bench. 
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Capillary Blotting of Glycosaminoglycans on Nitrocellulose 
Membranes After Agarose Gel Electrophoresis Separation 

Nicola Volpi and Francesca Maccari 



Summary 

A method for the blotting and immobilizing of several nonsulfated and sulfated complex polysaccharides 
on membranes made hydrophilic and positively charged by cationic detergent after their separation by 
conventional agarose gel electrophoresis is illustrated. This new approach to the study of glycosaminogly- 
cans (GAGs) utilizes the capacity of agarose gel electrophoresis to separate single species of polysaccha- 
rides from mixtures and the membrane technology for further preparative and analytical uses. 

Nitrocellulose membranes are derivatized with the cationic detergent cetylpyridinium chloride and 
mixtures of GAGs are capillary blotted after their separation in agarose gel electrophoresis. Single purified 
species of variously sulfated polysaccharides are transferred on derivatized membranes with an efficiency 
of 100% and stained with alcian blue (irreversible staining) and toluidine blue (reversible staining). This 
enables a lower amount limit of detection of 0.1 Jig. Nonsulfated polyanions, for example hyaluronic 
acid, may also be transferred to membranes with a limit of detection of approximately 0.1-0.5 jig after 
irreversible or reversible staining. The membranes may be stained with reversible staining and the same 
lanes are used for immunological detection or other applications. 

Key words: Glycosaminoglycans, Electrophoresis, Blotting, Heparin, Chondroitin sulfate 



1. Introduction 



Separation of glycosaminoglycans (GAGs), i.e., hyaluronic acid 
(HA), keratan sulfate, chondroitin sulfate (CS)/dermatan sulfate 
(DS), and heparan sulfate (HS)/heparin (Hep) by electrophoresis 
is routine in many laboratories and their characterization to the 
microgram level form an integral part of biochemical research, 
especially with respect to obtaining information from unknown 
purified polysaccharides. This is more important for natural (macro) 
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molecules produced by extraction and purification from different 
animal tissues having several fundamental biological activities, as 
well as pharmacological properties, making them important drugs 
for use in clinical and pharmaceutical fields (1-5). 

Blotting of molecules on membranes after their separation by 
electrophoresis takes advantage of the possibility to conduct fur- 
ther analysis on single separated molecules by several approaches, 
e.g., specific binding and identification with antibodies or recovery 
of single band, and can be used for preparative, quantitative, and 
qualitative studies. Clearly, the first step is related to the electro- 
phoretic separation and in the case of GAGs, cellulose acetate 
(6), nitrocellulose membrane (NC) (7), and agarose gel (8) and 
polyacrylamide gel (9, 10) electrophoretic techniques are gener- 
ally utilized for qualitative and quantitative analyses of mixtures 
of these macromolecules or single species. However, agarose gel 
electrophoresis permits the separation and the identification of 
several GAG species, such as slow (SM heparin) and fast moving 
heparin (FM heparin) or heparan sulfate, dermatan sulfate, and 
chondroitin sulfate (8, 11). 

GAGs are strongly hydrophilic and negatively charged macro - 
molecules that do not bind well to either polystyrene surfaces or 
hydrophobic blotting membranes. As a consequence, membranes 
have been derivatized with cationic detergents to make them 
hydrophilic and positively charged, like cetylpyridinium chloride 
(CPC) -treated NC membranes used in this protocol. After their 
electrophoretic separation, several intact GAGs with high molecular 
mass, such as hyaluronic acid, chondroitin sulfate (CS), highly- 
sulfated CS, dermatan sulfate, heparan sulfate, heparin (Hep), and 
its two components, FM Hep and SM Hep species, were trans- 
ferred on NC membranes treated with a cationic detergent, CPC 
(12). Quantitative analysis was performed after visualization of 
bands by cationic dyes, the recovery of single molecules released 
from membrane was also examined (12) , and the direct and spe- 
cific recognition of these polysaccharides by antibodies on CPC- 
treated NC supports has also been described (13). 



2. Materials 



1 . High purity agarose is from Sigma Chemical Co, MO, USA or 
Biorad, CA, USA (see Note 1). 

2. Barium acetate andNC membranes 0.45 |Lim, binding capacity 
of 80-100 |Lig/cm 2 , are from BioRad. 

3. 1,2-diaminopropane (PDA) and cresol red are from Merck 
Eurolab, Leicestershire, UK. 
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2. 1. Glycosamino- 
glycans 



4. Cetylpyridinium chloride (CPC) is from Sigma -Aldrich, 
MO, USA. 

5. Toluidine blue, alcian blue, and Whatman 3MM paper are 
purchased by Sigma -Aldrich. 

6. All the other reagents should be of analytical grade. 

1. Different GAGs to be used as standard may be purchased 
from Sigma-Aldrich (http://www.sigmaaldrich.com) or 
other specialized companies. 

2. Extraction and purification protocols for various GAGs 
are available in specific scientific articles and monographs 
(3, 5, 14-17). 



2.2. Electrophoresis 



1. 40 mM barium acetate buffer, pH 5.8 with 1 M acetic acid. 
Store at 4°C. 

2. 50 mM 1,2-diaminopropane (PDA) buffer: Buffered at pH 9 
with glacial acetic acid. Store at 4°C. 

3. Cresol red solution: Dissolve 10 mg of the dye in 100 mL 
of distilled water (final concentration of 0.1 mg/mL). Store 
at4°C. 



2.3. Blotting on 
Membranes 



1. 1% CPC in 30% 2-propanol. This solution should be always 
freshly prepared. 

2. 150mMNaCl. 

3. Transfer buffer: 100 mM Tris-acetate buffer at pH 7.3. Store 
at4°C. 



2.4. Membrane Staining 



1. Alcian blue solution: Dissolve 50 mg of the dye in 1 ml 8 M 
guanidine and 19 ml of 18 mM sulfuric acid-0.25% Triton 
X-100. This staining reagent is always freshly prepared. 

2 . Reversible staining is always freshly prepared with toluidine blue. 
20 mg toluidine blue is dissolved in 100 ml of 3% acetic acid. 



3. Methods 



3. 1. Agarose-Gel 
Electrophoresis of 
Glycosaminoglycans 



1. Prepare 0.5% agarose solution in 40 mM barium acetate 
buffer (see Note 2). Heat the solution in a microwave oven 
or on a stirrer mixer, mixing continuously until the agarose 
completely dissolves and a clear solution is obtained. Do not 
allow the solution to boil. 

2. Thoroughly clean a single glass plate of 7 x 8 cm (of approxi- 
mately 2 mm thickness) with alcohol. After drying with paper, 
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3.2. Glycosaminogly- 
cans Blotting 



3.3. Staining 
Procedures 



place it in a holder of approximately 8 x 10 cm and pour the 
warm agarose solution (see Notes 3 and 4). 

3. Prior to electrophoresis, leave the gel at room temperature 
(RT) for approximately 30 min. Cut the gel by the side of the 
glass plate and put it with the same glass plate on a grid made 
of 1 x 1 cm squares. Make four small wells by using a flat 
chisel of approximately 5 mm, taking care to leave approxi- 
mately 5 mm between each well (see Note 5). Make the wells 
approximately 2 cm from the edge of the gel. 

4. 10 |LiL of GAGs standard or samples (see Note 6) may be lay- 
ered by micropipets into the wells. 

5. The electrophoretic run is performed in 50 mM PDA for 150 
min at 50 mA by using a Pharmacia Multiphor II (Pharmacia 
LKB Biotechnology, Uppsala, Sweden) electrophoretic cell 
instrument (see Note 7). 

1. Cut NC membranes in portions of 7 x 8 cm. 

2. Wet the membrane in freshly prepared 1% CPC in 30% 2-pro- 
panol for 5 min. Six milliliters of CPC solution should be 
used. Shake the membrane manually. 

3. After wetting, add 50 mL of 150 mM NaCl and incubate the 
membrane on a shaker for 15 min. 

4. CPC-derivatized membrane is rinsed several times in 150 mM 
NaCl (see Note 8) and then equilibrated with continuous shaking 
in the same NaCl solution until blotting is performed. 

5. After agarose-gel electrophoresis, carefully remove the gel 
from the glass plate. 

6. Prepare the blotting sandwich by assembling a Whatman 3MM 
paper immersed in the buffer reservoir (see Note 9). Carefully 
place the agarose gel on the 3MM paper with the wells located 
parallel to the two buffer reservoirs. The detergent- treated NC 
membrane is then laid on top of the gel (see Note 10). Three 
further wetted filter papers, two wetted sponges, and 5 cm 
of absorbent paper tissue are carefully laid on top of the NC 
membrane, ensuring that no bubbles are trapped in the result- 
ing sandwich. The blotting sandwich is stabilized by putting a 
500 g weight on the top. 

7. The capillary blotting is performed overnight at RT. 

1. Irreversible staining is performed by means of alcian blue. 
After 2 h staining, membrane is destained by rinsing in 150 
mM NaCl until background staining disappears (see Note 11). 
An example of the results produced is shown in Fig. la. 

2. Irreversible staining with alcian blue can be used for quan- 
titative studies with a high detection sensitivity (see below). 
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Fig. 1. (A) Decreasing amounts (a: 7.5 jig, b: 5.0 jig, c: 2.5 jig, d: 0.1 jig) of mixtures of GAGs composed of (1) slow 
moving heparin, (2) fast moving heparin, (3) dermatan sulphate, and (4) chondroitin sulfate electrophoretically separated 
by agarose-gel and blotted on CPC-treated NC membrane. The membrane was stained with alcian blue. (B) Quantita- 
tion of immobilized sulfated and nonsulfated GAGs on CPC-treated NC membranes after agarose-gel electrophoresis, 
capillary blotting, staining with alcian blue, destaining, and densitometric analysis. Hep Heparin, SM Hep Slow moving 
heparin, FM Hep Fast moving heparin, DS Dermatan sulfate, CSi Highly sulfated chondroitin sulfate, HS Heparan sulfate, 
CSb Chondroitin sulfate, HA Hyaluronic acid, K4 Bacterial polysaccharide K4, and K4 Defructosylated Defructosylated 
bacterial polysaccharide K4. 



Quantitative analysis of GAGs may be performed with a densi- 
tometer connected to a computer by using an image process- 
ing and analysis software. The wet membranes should be 
scanned in the RGB mode and saved in gray scale. An example 
of the results produced is shown in Fig. lb. 

GAGs separated by agarose-gel electrophoresis and transferred 
to a membrane can also be detected by toluidine blue staining 
(•*■££ Note 12). Reversible staining may be obtained by treating 
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membranes with toluidine blue solution for 5 min. The mem- 
brane is rinsed for 30-60 s in 3% acetic acid in the presence of 
0.1% CPC to remove the excess stain, and further utilized (see 
Notes 13 and 14). 



4. Notes 



1 . Agarose should be of very high quality, suitable to run high 
resolution gels (possibly certified for molecular biology, ideal 
for the separation of small DNA fragments). Agarose from 
Sigma-Aldrich, product number A4718, or from Bio-Rad, 
catalog number 161-3101, is suitable. 

2. The volume of the agarose solution is strictly related to the 
dimension of the gel. For a gel of 7 x 8 cm with a thickness 
of about 4-5 mm a volume of 50 mL (250 mg agarose) is 
advisable. 

3. Carefully eliminate possible air bubbles in the warm solution, 
and allow the agarose solution to convert into a gel at RT for 
about 30-60 min. The gel may be stored at 4°C for approxi- 
mately 4-5 days after covering it with a plastic sheet. 

4. It is very important to consider that a gel having a thickness 
lower than about 4-5 mm does not permit the layering of 
the samples. On the contrary, a gel with a greater thickness 
requires greater migration times. 

5 . Carefully dry the wells by using little pieces of Whatman 3 MM 
paper of approximately 5 x 20 mm. 

6. GAGs standard should be prepared at a concentration of 0.5 
mg/mL in distilled water with a final absolute amount of 5 |Llg 
loaded on the gel. Extracted GAGs from different matrices 
should be quantitatively evaluated by means of known assays 
(1, 13-15 \ 17) before performing the electrophoretic separation. 
The optimum concentration range of unknown purified GAGs 
loaded on the gel should be from 2 to 8 |Lig. 

7. Due to the possible variability of the electrophoretic conditions, 
2 \xL of cresol red solution (0.1 mg/mL) should be added to 
each standard or sample solution (10 |LiL) in order to make a 
more accurate evaluation of the electrophoretic migration. A 
good migration time and electrophoretic separation is obtained 
at a cresol red migration of approximately 20-25 mm. 

8. Derivatized membranes should be rinsed several times in 150 
mM NaCl with vigorous shaking until no foaming is observed. 
This step permits the complete removal of excess CPC. 
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9. The Whatman 3MM is immersed in the two buffer reser- 
voirs permitting the migration of the buffer from the tank 
to the top side of the blotting sandwich. As a consequence, 
make sure that sufficient buffer volume for a complete GAGs 
migration (approximately 1 L) is available. 

10. Carefully remove possible air bubbles entrapped between the 
gel and the membrane by using a little glass pestle. 

11. It is very important to optimize the irreversible staining period 
to obtain a good band staining against a clear background. 
Under the experimental conditions described, an optimum 
staining time would be 2 h. Furthermore, use several changes 
of the destaining solution to produce the best results. 

12. The sensitivity of staining with toluidine blue is about 10-15 
times lower than that with alcian blue (an example is illus- 
trated in Fig. 2), but if the membrane is then destained, the 
same lanes can be used for immunological detection or other 
applications. 

13. After toluidine blue detection, membrane is destained using 
3% acetic acid in the presence of 0.1% CPC. Under these 
conditions, the destaining of the bands is completed within 
5 min and without any loss of immobilized molecules. 

14. The electrophoretically separated GAGs transferred on NC 
may also be released and recovered from the cationized 
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Fig. 2. Quantitation of immobilized sulfated and nonsulfated glycosaminoglycans on CPC-treated NC membranes after 
agarose-gel electrophoresis, capillary blotting, staining with toluidine blue, destaining, and densitometric analysis. Hep 
Heparin, SM Hep Slow moving heparin, FM Hep Fast moving heparin, DS Dermatan sulfate, CSi Highly sulfated chon- 
droitin sulfate, HS Heparan sulfate, CSb Chondroitin sulfate, HA Hyaluronic acid, K4 Bacterial polysaccharide K4, K4 
Defructosylated Defructosylated bacterial polysaccharide K4. 
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membranes at the microgram level for further analysis, such 
as disaccharide pattern evaluation, molecular mass determi- 
nation, and characterization of specifically sulfated sequences 
inside the polysaccharide chains. The immobilized GAGs are 
efficiently released from the membrane using a nonionic 
detergent at high ionic strength (for details see ref. 13). 
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Quantitative Computerized Western Blotting 

Dalit Talmi-Frank, Charles L. Jaffe, and Gad Baneth 



Summary 

Western blotting allows analysis of antibody reactivity against multiple antigens separated according 
to their molecular weights. The distinction between immune dominant and recessive antigens is often 
difficult and carried out by qualitative or empirical means. Quantitative computerized western blotting 
(QCWB) addresses this difficulty by analyzing reactivity to specific antigens and providing a statistically 
measurable value for each band. This allows differentiation between immunodominant and immunore- 
cessive determinants. QCWB is appropriate for either single time point analysis or longitudinal studies 
where multiple time points are evaluated and the reactivities against individual bands compared. This 
technique can be used to study humoral responses to complex antigenic mixtures such as allergens and 
infectious agents, or to identify serologic markers for early diagnosis of cancer, autoimmune, or infectious 
diseases, or to monitor patient's clinical status. 

Key words: Western blot, Quantitative computerized western blot, Immunodominant antigen, 
SDS-PAGE, Net intensity, Total lane intensity 



1. Introduction 



Western blotting is a highly sensitive technique for the detection of 
proteins or monitoring the presence of antibodies that react with 
discrete antigens in complex mixtures (1). It can be employed 
simultaneously against a large number of molecules to test reac- 
tivity with a panel of potential antigens (2, 3). The high sensitivity 
and specificity of this technique makes western blotting suitable 
for the detection of low concentrations of particular proteins 
and allows the identification of specific circulating antibodies 
to allergens, pathogens, tumor, and autoantigens in the sera 
of humans and animals. Early and sensitive disease diagnosis is 
a crucial factor in the effective and successful treatment and 
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management of various maladies or illnesses. Early diagnosis prior 
to the development of clinical symptoms, detection of infection 
in immunosuppressed patients, and the identification of asympto- 
matic or subclinical carriers are major diagnostic challenges which 
often require very sensitive and specific assays (4, 5). 

Many serologic techniques used for diagnosis are based on reac- 
tivity against the whole pathogen, allergen, or tumor. These assays 
are commonly adjusted to detect high antibody levels, whereas 
early, subclinical or latent infections and relapses, or diseases are 
often characterized by low antibody titers against only a few 
specific antigens in the whole mixture (5). Western blotting allows 
complex mixtures to be separated into individual components 
based on molecular weight and posttranslational modification(s), 
permitting the detection of even low levels of antibody reactivity 
with discrete antigens present in the mixture. In general, antibody 
reactions against multiple components are observed when patient 
serum reactivity is evaluated against complex antigens by western 
blotting. Often bands that react strongly showing high intensities 
in a higher percentage of patients are termed immunodominant 
antigens, whereas other bands that react weakly or moderately in 
the same or a lower percentage of subjects are termed immunore- 
cessive antigens (6). The distinction between these band defini- 
tions is often difficult and frequently done empirically based on 
single measurements or an overall qualitative impression. Quan- 
titative Computerized Western Blot (QCWB) analysis addresses 
this difficulty thus allowing for numerical documentation and 
statistical analysis of reactivity to specific antigenic bands. 

Specific immunodominant antigens identified by this method 
could be targets for developing rapid serodiagnostic tests, as 
well as effective vaccines. Two parameters can be analyzed using 
QCWB: first, net band intensity (NBI) that allows the evaluation 
of antibody reactivity to individual bands and second, total lane 
intensity (TLI) that measures the total serum antibody reactivity to 
a whole lane of separated antigens (6). The computerized quan- 
tification of band intensity allows a statistically analyzable distinc- 
tion between immunodominant and immunorecessive bands. 

QCWB can be very useful during a longitudinal follow up of 
the antibody reaction to infection, exposure to foreign proteins, 
or changes in clinical status when monitoring cancer or autoim- 
mune diseases. The identification and measurement of reactivity 
to specific antigenic bands at multiple points over time can facili- 
tate the identification of such bands as sensitive sentinels for early 
disease detection, as prominent markers of patent infection, or as 
markers of successful treatment. Sera collected from dogs experi- 
mentally infected with Leishmanial infantum, a fatal protozoan 
parasite of humans and dogs, will be used to illustrate how QCWB 
can be used to evaluate and compare antibody reactivity against 
individual antigens in a whole parasite mixture both at a single 
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time point as well as over time during a longitudinal study. Other 
serological methods such as enzyme -linked immunosorbent assay 
(ELISA) are compared to QCWB using the same sera to demon- 
strate the advantages of the latter technique (6). 



2. Materials 



2.1.SDS-PAGEand 
Western Blotting 



Sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) and western blotting are described here essentially as 
carried out by the authors (6). Other protocols with slightly dif- 
ferent reagents can be analyzed by the quantitative computerized 
technique detailed in the next paragraphs. 

1. Protein sample - 150 |Lig/lane/gel. 

2. SDS-PAGE equipment. 

3. Nitrocellulose paper. 

4. Transfer buffer. 

5. Blocking solution: Phosphate buffered saline (PBS) contain- 
ing 0.05% Tween-20 and 5% dried milk. 

6. Serum from test subjects and controls. 

7. Washing buffer: PBS containing 0.01% Tween20 (PBST). 

8. Secondary antibody at 1:1,000 dilution in washing buffer 
[Horseradish peroxidase (HRP) -conjugated goat anti-canine 
IgG (Cappel Research Reagents, ICN Biomedicals, Aurora, 
OH, USA)]. 

9. 0.0004% 3-3-diaminobenzidine (DAB), Sigma Chemical 
Company, Missouri, USA. 

10. Molecular mass protein standard (Precision Plus Protein 
Standards, Bio-Rad, Hemel Hempstead, UK). 

11. Digital scanner - the 6200C scanner, (Hewlett-Packard Co., 
Mississauga, Canada). 

12. Image analyzing software such as the KODAK ID program 
(Eastman Kodak Company, Scientific Imaging Systems, 
Rochester, NY, USA). 

13. Mini- electrophoresis apparatus (Bio-Rad Laboratories, Inc., 
Hercules, USA). 

14. Semidry or wet transfer apparatus (Bio-Rad transfer cell, 
Bio-Rad). 

15. HRP-conjugated goat anti-canine IgG (Cappel research 
reagents, ICN Biomedicals, Aurora, OH, USA). 

16. 3-3-diaminobenzidine (DAB, Sigma, St. Louis, MO, USA). 
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3. Methods 



3.1. Western Blotting 



3.2. Image Formation 



The methods below describe ( 1 ) the fundamentals of western 
blotting procedure in short; (2) application of an image ana- 
ly-zing software on a blotted membrane; (3) lane marking and 
individual band analysis; (4) determination of NBI; (5) defining 
immunodominant and immunorecessive bands; and (6) total 
lane intensity. 

While the full western blotting procedure used here was detailed 
at length (6), any standard procedure for blotting can be 
employed (see Chapter "Detection of La/SS-B by Western Blot 
Using Nanogold-Tagged Antibodies and Silver Enhancement"). 

1. Crude L. infantum antigen (CLA, 150 |Lig/lane/gel) is sepa- 
rated on a 12% SDS-PAGE gel under nonreducing conditions 
using a minielectrophoresis apparatus. 

2. Antigens are transferred to nitrocellulose membrane using 
either a semidry or wet transfer apparatus. 

3. A molecular mass protein standard, preferably prestained, is 
also run on the same gel and transferred to the membrane. 

4. The membranes are cut into individual strips and undergo 
three steps including blocking, incubation with dog sera, and 
incubation with an HRP- conjugated goat anti-canine IgG 
diluted 1:5,000. 

5. Development is carried out with 0.0004% DAB. 

6. Several rinses (3-4 times) with washing buffer are performed 
between each of the earlier steps listed in steps 4 and 5 . 

7. After a last wash with distilled water the blots are air dried and 
at the end of the western blotting procedure dry nitrocellu- 
lose membrane strips with dark bands corresponding to serum 
antibody reactions with protein bands of various molecular 
weights are obtained. 

In order to acquire an image of highest quality and resolution, 
blotted membranes should be scanned using a scanner or other 
imaging device that permits further digital analysis. Any modi- 
fication of the scanner or imaging device settings that improves 
the blot appearance or enhances a particular feature of the blot 
should be avoided. Thus the same settings for brightness, contrast, 
and gamma values should be strictly maintained during all anal- 
ysis. Membranes should be scanned immediately following the 
blotting procedure in order to produce clearly resolved bands 
and avoid fading of the bands over time. An optimal scanning 
procedure is the one that keeps the lanes as straight as possible 
and avoids color artifacts (Fig. 1A). 
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Fig. 1 . Flow chart describing the different steps in image analysis of quantitative computerized western blot. Panels (A): 
Scanning of the blot and automatic or manual lane line detection based on pixel peaks of bands. (B) Establish the lane 
markers at the top and bottom of the scanned membrane and designation of the first background reading. (C) Mark- 
ing isomolecular weight lines enabling adjustment of individual and multiple blot membranes and determination of the 
molecular weight for individual bands. (D) Automatic software analysis and definition of rectangles around the detected 
bands. (E) Manual adjustment of the rectangle borders if needed. The software uses an optimized band sensitivity 
chosen according to the bands of interest. The sensitivity chosen should distinguish the bands of interest from the back- 
ground while ignoring the extraneous ones. (F) Remodeling of profile data if needed. 



3.3. Digital Analysis 
(see Fig. 1) 

3.3. 1. Defining Sample 
Lanes 



1 . Sample lanes on an image are automatically and/or manually 
found by the Kodak image analyzing program using the lane 
finding algorithm. 

2. The algorithm determines the band location and calculates 
the spacing and the width of the different lanes from each 
other on a selected region of the image. 

3 . The program identifies the location of lanes according to the 
pixel peaks for bands that are adjacently localized. Therefore, 
if bands are not well resolved, homogeneous or the transfer is 
poor the lanes may need to be inserted manually. 

4. Lane finding sensitivity can be set to several levels (see also Sub- 
heading 3.3.5) and corrected to fit straight, slanted, or curved 
lanes. When sensitivity is increased, fainter bands can be identi- 
fied. However, it is advisable after adjusting the sensitivity to a 
desired level, to keep it constant throughout the project. It is 
critical to ensure that the lines defining each lane pass directly 
through the center of all the bands in each lane (Fig. IB). 
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3.3.2. Lane Marker and 
Isomolecular Weight Lines 



3.3.3. Labeling Lanes 



3.3.4. Receiving and 
Analyzing Band Data 



3.3.5. Band Sensitivity 



1. In addition to the sample lane lines, marker lines should be 
drawn parallel to the bands at the upper and lower edges, or 
top and bottom of the blotted gel (Fig. 1C; see Note 1). It is 
important that the marker lines accurately reflect the skew of 
the gel. 

2. The first lane marker at the top of the gel blot designates the 
first background reading, so it is important not to draw lines 
through bands or wells. 

3. The top and bottom lane markers set the region of origi- 
nal image selection and should be moved minimal or not 
at all. 

4. For a better adjustment of skewed gels, isomolecular weight 
lines should be added (Fig. ID). 

5. The intersecting points between the lane lines and the isomo- 
lecular weight lines serve as control points that enable adjust- 
ment for mobility variations (see Note 2). 

The next step is to label each lane as standard or experimental. It is 
possible to either use the formats given by the software or create 
a new standard lane according to the molecular weights given by 
the ladder. A standard lane will define the band size in Daltons 
for proteins, base pairs for DNA, or bases for RNA depending on 
the type of gel viewed (Fig. IB). 

Once the lanes have been marked, bands can be automatically 
located. The band finding algorithm depends on two parame- 
ters that define the band sensitivity and the profile width. These 
two parameters should be set at the beginning of the project 
and kept constant. A completely marked image can be seen in 
Fig. 2. 

In order to choose the correct sensitivity for a given project, reso- 
lution of the individual bands must be considered. If the bands 
of interest do not stand out from the background, a higher sen- 
sitivity should be chosen. Optimally the correct sensitivity should 
allow the program to find all the bands of interest while minimizing 
those bands that are irrelevant. 



3.3.6. Profile Width and 
Band Numbering 



Profile width defines the width of the band used for the analy- 
sis out of the total strip width, in case the band is narrower 
than the strip. It sets the area of the rectangles that surround 
each band. Optimal profile width encompasses the whole 
band without getting false readings from the background that 
surrounds it. 

Each band is then labeled and numbered, and a horizontal 
marking line is stretched across it. 
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Fig. 2. An example of an image created using the Kodak 1 D analyzing software on a typical western blot membrane. The 
image shows the reaction of sera taken from one dog experimentally infected with Leishmania infantum parasites 
on homologous parasite crude antigen at successive time points during a longitudinal follow up study. The dog was 
treated from weeks 32 to 45 with allopurinol. The upper and lower long horizontal dashed lines indicate the lane 
markers and the short horizontal lines ending with a dot mark the isomolecular weight lines. Positive and negative 
control sera are depicted in lanes plus and minus, respectively, and a blank lane depicting reactivity with diluting 
reagents is marked as BLK. 



3.3.7. Data Modeling 



When to Remodel Data? 



3. It is important to manually verify that the horizontal line is 
positioned exactly at the center of the band because the molec- 
ular weight is calculated based on the position of this line. 

4. A rectangle is marked around the band (Fig. IE). 

5 . As soon as the central horizontal line is drawn, it can be used 
to compare the band positions between the standard and 
experimental lanes, and it is possible to also adjust the posi- 
tion and boundaries of any band while examining the peak 
intensity viewed in the profile exhibited (Fig. IF). 

After the bands are found and the band profile is created, it is 
important to determine whether the data needs to be modeled. 
This is especially important for determining the values of unre- 
solved bands, oversaturated bands, or bands with uneven or high 
background. 

1. When bands are unresolved (closely spaced) (see Note 3) 

2. If bands are saturated (flat-peaked) (see Note 4) 

3. When faint bands are located adjacent to strong bands (see 
Note 5) 
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4. If the background is uneven or variable 

5 . If false bands are present 

In order to calculate the net intensity, the program uses the pixel 
values in the band rectangle. Quantitative analysis of overlapping 
or saturated bands is best approximated by fitting the data to a 
Gaussian curve (7). For saturated bands, the Gaussian technique 
better estimates bands that are beyond the dynamic range of the 
capture device. 

Information received from the band analysis includes: 

1 . Molecular weight 

2. Mobility-measured location of the band from the top lane 
marker 

3. NBI - the band pixel value minus the background rectangle 
pixel values 

4. Relative intensity - the percent intensity contribution of a 
band within a lane 



3.4. Applications of 
Quantitative Compu- 
terized Western Blot 
Analysis 

3.4. 1. Net Band Intensity 



NBI is defined as the sum of background subtracted pixels within 
the rectangle area formed around the band, reflecting the reac- 
tion to it. NBI enables the quantitative comparison of antibody 
reactivity between specific antigen bands on the same or different 
blots. It facilitates comparison of antibody reactivity with antigens 
between individuals or by the same individual at different times, 
thus allowing one to follow and analyze experimental or natural 
infections longitudinally. The ability to quantify antibody 
reactions in a standardized way allows the statistical assessment 
reactions to treatment confirming whether remission or elimi- 
nation of infection and decrease of antibody responses have 
occurred (8). This is especially applicable in the case of diseases 
where infection does not correlate with clinical signs. 



3.5. Immunodominant 
Bands 



NBI can be determined individually or in comparison to other 
bands allowing one to determine whether specific antigens 
generate an immunodominant or immunorecessive serological 
response based on comparative intensity and prevalence (number 
of individuals reacting with each band). 

1 . In the experimental model for canine visceral leishmaniasis longi- 
tudinal quantification of serologic reactivity (NBI) to L. infan- 
tum antigens was recorded in six dogs over 75 weeks (6). 

2. Computerized quantification was done and after taking the 
prevalence of the bands into consideration, statistical analysis 
identified the immunodominant and immunorecessive antigen 
bands. 

3. QCWB could be applied at one time point (Table 1) or used 
to follow changes in seroreactivity against specific antigenic 
bands over time. 
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Table 1 

Quantitative comparative Western blot analysis of 
antibodies against Leishmania antigens following 
experimental infection with L infantum 



Mean intensity 


Band (kDa) 


Band category 


12 a ±4(5) 


12 


ID 


35.7 ±22.3(6) 


14 


ID 


15.2 ±5.2 (6) 


24 


ID 


23.9 ±9.7 (6) 


29 


ID 


5.8 ±3.0 (3) 


48 


ID 


14.0 ±0.1 (4) 


68 


ID 


12.0 ±8.4 (3) 


18 


ID 


1.2(1) 


19 


IR 


2.5 ± 1.1 (3) 


34-35 


IR 


13.1 ±2.4(2) 


71 


IR 


7.3(1) ^^ 


102 


IR 




136 


IR 



Comparison of the mean net band intensities (n = 6 dogs) at 
53 weeks postinfection for each L. infantum antigen and catego- 
rization into immunodominant or immunorecessive bands. Bands 
were categorized according to both the mean net band intensity 
and the number of animals reacting with each band (prevalence). 
ID Immunodominant and IR Immunorecessive 

"Mean intensity ± SEM was determined at 10 6 pixels. Values in 
parentheses indicate numbers of dogs expressing bands 

3.6. Total Lane This parameter is defined as the sum of all valid band intensities 

Intensity for each individual lane. TLI is equated to total antibody reactivity 

against all the components found in a complex crude antigen 
and roughly parallels serologic reactivity against whole antigen by 
other serological methods such as ELISA. 

1. The serological response against crude L. infantum antigen 
(CLA), following infection of beagles in an experimental 
canine visceral leishmaniasis model, was measured by TLI and 
ELISA at different times postinfection and compared. 

2. Antibody response measured by TLI showed significantly 
higher folds increase. 

3. At 21 weeks postinfection, TLI was 100 times greater than 
preinfection, whereas CLA found by ELISA was only 60 times 
the preinfection value (p < 0.01) (Fig. 3). 
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Fig. 3. Comparison of fold increase in antileishmanial antibody reaction with crude leishmanial antigen (CLA) by Quan- 
titative Computerized Western Blotting (QCWB) and Enzyme linked immunosorbent assay (ELISA). Dogs (n = 6) were 
infected intravenously with the parasite Leishmania infantum and the increase in total lane intensity (TLI), determined 
by QCWB, and CLA by ELISA reactivity were measured over a 75-week period. The arrow on the X-axis indicates the 
period when the dogs were treated with (32-45 weeks postinfection). Triangular blocks and columns represent 
mean values standardized to time zero, with bars indicating the standard error. A significant difference (p < 0.01) is 
indicated by asterisk. 



4. Notes 



1 . Adding lane markers is only possible at this stage and will not be 
permitted in later steps when using the KODAK ID software. 

2. It is important to locate these lines correctly for the accurate 
identification of bands with identical molecular weights that 
migrate differently on the same or different gels. 

3. When the program identifies unresolved bands it might be 
difficult for it to determine the boundaries of the rectangle, 
thus not allowing manual insertion of a band close to the one 
that was found. The way to address this problem is to manually 
reduce the size of the rectangle confining the band, and then 
insert the desired neighboring band. 

4. Oversaturated bands - when bands are flat peaked they indicate 
oversaturation, and require adjustment using the Gaussian model. 

5 . Very faint bands can be difficult to differentiate from the sur- 
rounding background and manual insertion may be needed. 
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Cationic Electrophoresis and Eastern Blotting 

Engelbert Buxbaum 



Summary 

Denaturing, discontinuous electrophoresis in the presence of SDS has become a standard method for 
the protein scientist. However, there are situations where this method produces suboptimal results. In 
these cases, electrophoresis in the presence of positively charged detergents like cetyltrimethylammonium 
bromide may work considerably better. Methods for electrophoresis, staining, and blotting of such gels 
are presented. 

Key words: Disk electrophoresis, Cationic electrophoresis, CTAB electrophoresis, Blotting, Eastern 
blotting, Detergent, CTAB 



1. Introduction 



Sodium dodecyl sulfate gel electrophoresis (SDS-PAGE) (1) and 
western blotting (2, 3) have become indispensable in the protein 
lab to separate and detect proteins with high resolution. Separa- 
tion is usually performed on an analytical scale, but preparative 
equipment is available commercially. 

With most proteins, the .Revalue in SDS-PAGE is propor- 
tional to size because proteins bind about 1.4 g SDS per gram 
of protein, equivalent to one molecule of SDS per three amino 
acids (4). The number of negative charges introduced by the 
detergent far outweighs the charges on the protein itself, thus 
the charge/mass ratio, and hence the acceleration in an electrical 
field, is identical for all proteins. The restriction by the gel matrix, 
however, increases with the size of the protein. 
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There are, however, some situations where SDS-PAGE 
performs less well: 

1. Very hydrophobic proteins (i.e., transmembrane proteins) 
bind more than the usual 1.4 g SDS per gram of protein, 
increasing the charge/mass ratio of the protein. Thus these 
proteins run faster in SDS-PAGE than expected for their 
molecular mass. 

2. Proteins with a large number of positively charged amino 
acids (e.g., histones) (5) also run faster than expected for their 
molecular weight. 

3 . Glycoproteins contain a highly variable number of negative 
charges in their sugar side chains. Thus they do not run as 
crisp bands in SDS-PAGE, but as broad smears, reducing the 
achievable resolution of the method. 

In the latter two cases, it should be possible to circumvent 
the problems by using a positively charged detergent in lieu of 
the negatively charged SDS. Of course, the proteins then run 
from the positive to the negative electrode. Such attempts have 
been reported several times in the literature (6-12) , but reso- 
lution of the gels was usually low, caused by relatively broad 
protein bands. 

The high resolution of SDS-PAGE is the result of band 
stacking in a discontinuous (multiphasic) buffer system, an 
effect first described by Ornstein (13) and later theoretically 
elaborated by Jovin and others (14-18). While the protein 
moves through the stacking gel, it is electrophoretically con- 
centrated from below 1 mg/mL (as present in usual samples) 
to several 100 mg/mL. Since the amount of protein cannot 
change due to mass conservation, the only way in which this 
can happen is by reducing the volume of the protein band, i.e., 
its height. Changing from an anionic to a cationic detergent 
requires a change in buffer composition so that stacking is still 
possible. Suitable buffers fulfilling the theoretical requirements 
for stacking are listed on http://www.buffers.nichd.nih.gov. 
With such selected buffer systems high resolution electro- 
phoresis of proteins in cationic detergents is possible (19). As 
with SDS-PAGE, separation in CTAB (cetyltrimethylammo- 
nium bromide) -PAGE is based on protein size, as noted also 
by others (6, 7,10,11). 

An additional advantage of CTAB compared to SDS is that 
it efficiently solubilizes membrane proteins, often without dam- 
aging their structure (8, 19-22). Thus one can use the same 
detergent for electrophoresis that is also used for solubilization 
and purification, an advantage since extraneous detergent can 
interfere in PAGE by competing with SDS for binding to the 
protein. 
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2. Materials 



2. 1. Casting of 
CTAB Gels 



All chemicals were of the highest purity available and were 
obtained mostly from Fluka (Buchs, Switzerland). Antibodies 
were from Accurate ( Westbury, NY) . Water came from a MilliQ- 
system (Millipore, Billerica, MA), who also supplied the Immo- 
bilon P blotting membranes. Immobiline DryStrip IEF- strips, 
IP G- buffer, and electrophoresis units were from Pharmacia (now 
part of GE Healthcare Bioscience, Piscataway, NJ, USA), deter- 
gents from Anatrace (Maumee, OH, USA). The blotting tank 
was from BioRad (Hercules, CA, USA). 

1. 40% acrylamide/Bis (37:1): 1.08 g bisacrylamide and 38.9 
g acrylamide made to 100 mL with water (see Note 1). Sta- 
ble for months at 4°C, especially when stored over an anion 
exchanger. 

2. 40% acrylamide/Bis (19:1): 2.11 g bisacrylamide and 37.9 g 
acrylamide made to 100 mL with water. Stable for months at 
4°C, especially when stored over an anion exchanger. 

3. Potassium hydroxide (KOH; 1 M): 5.611 g KOH made to 
100 mL with water. Stable at room temperature (RT) if pro- 
tected from air. 

4. 16.6 M acetic acid (commercial 99.5% glacial acetic acid): Sta- 
ble at RT. Exact molarity is determined once by titration and 
noted onto the bottle. 

5. 10% CTAB: 10 g CTAB made to 100 mL with water. Store at 
37°C to increase solubility. 

6. Malachite green (1%): 10 mg/mL malachite green in water, 
stable at 4°C. 

7. Water saturated butanol: ^-butanol shaken with some water, 
after phase separation the upper, organic phase is used. Stable 
atRT. 



2.2. For Photopolym- 
erization 



1. 100 mM methylene blue: 780 mg methylene blue made to 20 
mL with water. Stable for months at 4°C. 

2. 100 mM sodium toluene 4-sulfinate (T4S): 356 mg T4S 
(anhydrous) made to 20 mL with water. Stable for months 
at4°C. 

3. 1 mM diphenyl iodonium chloride (DPIC): 6.3 mg DPIC 
made to 20 mL with water. Stable for 1 week at 4°C. 



2.3. For Fenton-System 



1. 10 mM ferrous sulfate (FeS0 4 ): 27.8 mg FeS0 4 -7H 2 made 
to 10 mL with water, make fresh daily. 
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2. 40 mM ascorbic acid: 70.5 mg ascorbic acid made to 10 mL 
with water, make fresh daily. 

3. 30% hydrogen peroxide: commercially available, store at 4°C 
(see Note 1). 

The recipes for both photopolymerization (5) and a Fenton- 
system (8) are given, obviously only one needs to be prepared. 



2.4. Running of 
CTAB Gels 



2.5. Staining of CTAB 
Gels with Ponceau S 



2.6. Eastern Blotting 



1. Upper tank buffer: 40 mM (3.56 g/L) (3-alanine, 70 mM 
(2.29 mL/L) acetic acid, 0.1% CTAB. Make fresh each time. 

2. Lower tank buffer: 50 mM KOH, 187 mM (3.18 mL/L) ace- 
tic acid, 0.1% CTAB. Make fresh each time. 

3. Sample buffer (2x): 1.27 mL 1 M KOH (127 mM final), 107 |LlL 
acetic acid (187 mM final), 2 mL 10% CTAB (2% final), 100 |lL 
(3-mercaptoethanol (pME) (1% final), 1 mL glycerol (10% final), 
7.21 g urea (12 M final) and 50 \iL 1% basic fuchsin (0.005% 
final), make to 10 mL with water. Stable at RT for a week. 

1. Fixative: 100 mL glacial acetic acid and 400 mL methanol 
made to 1 L with water. Stable at RT. 

2. Ponceau S solution: 0.1 g Ponceau S and 10 mL glacial acetic 
acid made to 1 L with water. The solution is stable at RT and 
may be reused several times. 

1. Blotting buffer: 10 mL 1 M KOH (10 mM final) and 636 |LiL 
acetic acid (11 mM final), water to 1 L. Make fresh. 

2. Washing solution: 50 mg SDS (0.05% final) in 100 mL meth- 
anol. Stable at RT. 

3. Phosphate buffered saline (PBS; lOx stock): 2.0 g KH 2 P0 4 (14.7 
mM final), 2.0 g KC1 (26.9 mM final), 80.0 g NaCl (1,369 mM 
final), and 21.6 g Na 2 HP0 4 x 7H 2 (or 11.44 g of the anhy- 
dride, 80.6 mM final) made to 1 L with water. Store at RT. 

4. Blotto: 1 g low fat milk powder (0.1% final), 0.5 mLTween-20 
(0.05% final), and 0.1 g thimerosal (0.01% final) made to 1 L 
with PBS. Make fresh each day. 

5 . Blocking solution: 0.5 g low fat milk powder in 10-mL Blotto. 
Make fresh each time. 

6. Horse radish peroxidase (HRP) substrate (20x): 6.01 g Tris 
(1 M final), 14.6 g NaCl (3.2 M final), 950 mg NiCl 2 x 6H 2 
(80 mM final) dissolved in 40 mL water. Adjust to pH 7.6 
with HC1, and add 250 mg DAB (13 mM final) (see Note 1). 
Dilute to 50 mL with water, filter and freeze in 1-mL aliquots. 
Stable for years at -20°C. 

7. Chemiluminescence reagent: 400 mg luminol (2.2 mM final) 
and 9.5 mg ^-iodophenol (432 |LiM final) in 19-mL dimethyl- 
sulfoxide diluted to 100 mL with water. Immediately before 
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use take 10 mL and add 4.8 |LiL 30% hydrogen peroxide (420 nM 
final, see Note 1). 

8 . Primary antibody: 1 |Llg monoclonal antibody in 10 -mL Blotto. 
Stable for many months at 4°C if the milk powder in Blotto is 
replaced by BSA (fraction V). For anti-sera the dilution has to 
be worked out on a case -by- case basis. 

2.7. 2D-Electrophoresis 1. IEF sample buffer (2x): 100 |LiL (3-ME (1% final), 100 |LiL IPG- 

buffer (same pH- range as IEF -strip, 1% final), 7.21 g urea (12 
M final), 0.4 g CHAPS (4% final), and a trace of bromophenol 
blue made to 10 mL with water. Store in aliquots at -20°C. 

2. Equilibration buffer: 3.6 g urea (6 M final), 3-mL glycerol 
(3% final), 0.2 g CTAB (2% final), 640 |LiL 1 M KOH (64 mM 
final), 54 \iL glacial acetic acid (94 mM final) and 25 |LiL 1% 
basic fuchsin (0.0025% final), make to 10 mL with water. 

3. Mounting medium: 50 mg agarose in 10 -mL stacking gel 
buffer (0.5% final), heated to boiling in a microwave oven. 
Best to prepare fresh for each run (Table 1). 



Table 1 

Mixing table for CTAB-PAGE gels (all volumes in mL) 

Solution 5% 7.5% 10% 12.5% 15% 17.5% 20% Stack 



Acrylamide 19:1 


— 


— 


— 


— 


— 


— 


— 


3.0 


Acrylamide 37:1 


7.5 


11.3 


15.0 


18.8 


22.5 


26.3 


30.0 


— 


1 M KOH 


2.6 


2.6 


2.6 


2.6 


2.6 


2.6 


2.6 


1.91 


Glacial acetic acid 


0.962 


0.962 


0.962 


0.962 


0.962 


0.962 


0.962 


0.161 


Urea 


10.8 g 


10.8 g 


10.8 g 


10.8 g 


10.8 g 


10.8 g 


10.8 g 


5.4 g 


10% CTAB 


0.6 


0.6 


0.6 


0.6 


0.6 


0.6 


0.6 


0.3 




100 mM T4S 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


0.15 


1 mM DPIC 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


0.75 




10 mM FeSO A 

4 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


0.048 


0.024 


40 mM Ascorbate 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


3.0 


Water to a final volume 


60 


60 


60 


60 


60 


60 


60 


30 



Note that either the reagents for photopolymerization or those for the Fenton-system should 
be used. 
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3. Methods 



3.1. Casting of CTAB 
Gels 



1. Pour the mixture, containing either the reagents for photo - 
crosslinking or the Fenton- system, into an Erlenmeyer flask 
with magnetic stirrer. The stirrer is adjusted for vigorous 
movement without foam production. Then apply a vacuum 
for at least 10 min to remove dissolved oxygen. This is essen- 
tial as oxygen inhibits the polymerization reaction. Do not 
apply the vacuum before starting the stirrer! 

2. Add the catalyst: 18 \iL 10 mM methylene blue or 2-|LiL hydro- 
gen peroxide depending on whether the photopolymerization 
or the Fenton-system is used. Mix by gentle inversion; do not 
shake oxygen into the solution again. At this stage do not add 
the catalyst to the stacking gel. 

3. Pour the separating gel into the casting sandwich and overlay 
with water- saturated ^-butanol. The Fenton-system will polym- 
erize by itself, the photopolymerization system requires exposure 
to a strong source of white light. A sun-exposed window or a 
halogen lamp may be used. Polymerization is finished when the 
interface between gel and butanol becomes prominent. Methyl- 
ene blue will become colorless during polymerization. Normally 
polymerization should be complete within 30 min. 

4. Pour the butanol from the top of the gel, add catalyst to the 
stacking gel mixture, and cast the stacking gel. Insert combs 
immediately and allow the gel to polymerize. 



3.2. Running of CTAB 
Gels 



3.3. Staining of CTAB 
Gels with Ponceau S 



1. Mount the gel in the running chamber according to manu- 
facturers' instruction, add upper and lower tank buffer. Some- 
times air bubbles get trapped in the wells; these can be rinsed 
out using a tuberculin syringe with 27G needle. This process 
and the loading of samples is aided by malachite green in the 
stacking gel, which makes the wells easier to see (for SDS- 
PAGE use phenol red for the same purpose) (23). 

2. Load the sample with a 25-|LiL Hamilton syringe, the needle 
should have a flat point. Between samples rinse the syringe 
with upper tank buffer, finally with water. 

3. For a standard minigel, electrophoresis is performed at 20 mA 
per gel (10 mA during stacking), with a maximum voltage of 
200 V. Do not forget to reverse the electrode polarity compared 
to SDS-PAGE (^Note 2a-h). 

1. Fix the gel for 10-15 min twice on an orbital shaker, then 
replace the fixative with dye solution for 5 min. The gel can 
be differentiated by incubation with several changes of fixative 
(in the same way as is commonly done with CBB-R250), but 
this procedure is time consuming {see Note 3f). 
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3.4. Eastern Blotting 1 . Soak the PVDF blotting membrane first in methanol, then in 

water and finally in blotting buffer (nitrocellulose membranes 
are soaked directly in buffer). 

2. Place one of the sponges and three sheets of filter paper (e.g., 
Whatman No. 3), all soaked in blotting buffer, onto the red 
part of the blotting cassette. Place the gel on top and flood it 
with a small amount of blotting buffer (plastic Pasteur-pipettes 
are ideal for this). Add the blotting membrane carefully on top 
without trapping air bubbles between gel and membrane, then 
place three sheets of filter paper and the second sponge, all 
soaked in blotting buffer, on top. Close the cassette and place 
(in the correct orientation, red to red and black to black) into 
the blotting tank already filled with blotting buffer. In this way, 
the gel is on the positive and the membrane on the negative 
side. This orientation is opposite to the one used in western 
blotting, hence the name "eastern blotting." The entire pro- 
cedure is best performed on a plastic tea-tray or similar, so that 
the unavoidable spillage of buffer is contained. 

3. Electrotransfer is achieved at 40 V constant voltage (resulting 
in a current of -200 mA), no reversal of current is required 
if the sandwich is assembled as described above. The BioRad 
blotting tank comes with a plastic vessel for ice to keep the 
buffer cold during blotting. In my experience 2 h blotting 
time is sufficient to transfer even high molecular weight pro- 
teins at the interface between stacking and separating gel. It is 
good practice to stain the gel afterward to check for residual 
protein, at least occasionally. 

4. Remove bound CTAB by incubating the membrane twice for 
1 h in washing solution. 

5. To check whether proteins have been transferred to the mem- 
brane incubate the membrane with staining solution for a few 
minutes and then rinse with running tap water. It is conven- 
ient to mark the position of the molecular weight standards at 
this time with a soft pencil. 

6. Block nonspecific protein binding sites on the membrane 
with 5% low fat milk powder in Blotto for about 15 min. 
Longer times are often suggested in the literature, but are not 
required and may reduce sensitivity by covering the bands to 
be detected with milk proteins. This step also removes any 
Ponceau that may still be on the membrane. 

7. Wash the membrane briefly with Blotto and incubate with 
the primary antibody. Incubation can be performed for 1 h 
at 37°C if one is in a hurry. However, if the incubation is 
performed overnight at 4°C in the cold room on an orbital 
shaker, sensitivity is higher and the antibody solution can 
be reused many times. In fact it is quite possible to do ones 
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entire PhD work with a single 10 mL batch of primary 
antibody solution. 

8. Wash the membrane three times for 15 min with Blotto, incu- 
bate with the secondary antibody (HRP- conjugated, diluted 
as by manufacturers recommendation) for 1 h and wash again 
three times with Blotto. 

9. For chemical staining of the blot (24) defrost a 1-mL aliquot 
of substrate solution, dilute to 20 mL and add 1 \iL of 30% 
H 2 2 (see Note lb). Incubate the membrane with that solu- 
tion on an orbital shaker until you see well- developed bands. 
Rinse briefly with water and air- dry. The precipitate of elemen- 
tary Ni photographs well and is stable for years in a notebook 
(#^Note4a-h). 

3.5. 2D-Electrophoresis 1. To use an IPGphor horizontal electrophoresis unit mix the 

sample 1:1 with IEF- sample buffer and place this solution into 
the ceramic strip holder. 

2. Remove the protective plastic cover from the gel and place it 
gel side down into the sample. The sample volume depends 
on the length of the strips, for the 7-cm strips compatible 
with minigels use 125 |LlL. Add covering solution (obtained 
from Pharmacia) and place the strip holder onto the IPGphor 
unit. 

3. Allow the sample to soak into the strip at a temperature of 
18°C and an applied voltage of 50 V for 8 h. Then increase 
the voltage to 500, 1,000, and 4,000 V for 30 min each, 
finally 8,000 V for a total of 25,000 V h. The maximum volt- 
age available on the IPGphor unit is 8,000 V; depending on 
the conductivity of the sample this value may not be reached. 
This is no problem, however, since runs can be normalized by 
the applied V h. It is convenient to run the IEF over night, as 
it does not need supervision. 

4. Remove the strip from the sample holder and place it into a 
test tube with equilibration buffer. Seal the tube with Parafilm 
and place it on an end- over- end mixer for 10 min at 37 °C. 
This allows sufficient time for CTAB binding to the protein 
bands without diffusional band spreading. 

5. Mount the equilibrated strip carefully onto a CTAB -gel with- 
out introducing air bubbles. A thin layer of stacking gel buffer 
on top of the gel can aid this process and is wicked away 
once the strip is in place. Use gels with one small lane for the 
molecular weight standards and a wide lane for the IEF -strip. 
Strip and gel should be hand-warmed to allow mounting the 
strip with agarose solution (300 |LiL). Once the agarose has set 
the gel is ready to be run. 
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4. Notes 



1. Safety issues, (a) Acrylamide is neurotoxic, handle with great 
care. Ready-made acrylamide/bisacrylamide solutions are com- 
mercially available which avoid the development of dust during 
weighing. Store the solution over an anion exchanger to remove 
any acrylic acid which may form to prevent electroendosmosis 
during runs, (b) Store hydrogen peroxide solutions in the bot- 
tles supplied by the manufacturer which have release valves to 
prevent the build-up of pressure from decomposition, (c) DAB 
is a suspected carcinogen. It is safest to add the buffer directly to 
the bottle and assume that the manufacturer has sold the correct 
weight. When opening a bottle containing DAB, do not wear 
gloves as the electrostatic charge on the gloves would blow the 
fine powder directly into your face. Wear eye protection. DAB 
is also available as tablets for safer handling, (d) Agarose: Some 
experimentation is required with the settings of the microwave 
oven so that the agarose dissolves in the mounting medium 
without boiling over. 

2. Eleetrophoresis. (a) Fenton-polymerization results in gels which 
are somewhat more brittle than those produced by photo - 
polymerization. However, if the Pharmacia multicasting stand 
is used the nontransparent aluminia back-plates prevent the 
use of a photopolymerization system, in that case the Fenton- sys- 
tem must be used. The separation achievable does not depend 
on the polymerization reaction used, however, (b) Both systems 
are even more sensitive to the presence of oxygen than the 
TEMED/APS -system used for Laemmli-gels. Proper degas- 
sing of the gel mixture is essential. In addition, it is important 
that the combs prevent access of air to the polymerizing stack- 
ing gel. Neither those produced by Pharmacia nor those from 
BioRad do that however, resulting in ill-formed wells, some- 
times so badly that the gel must be discarded. I have solved 
that problem by having better combs manufactured in a work- 
shop (19). (c) Gel concentration depends on the molecular 
mass range of the proteins of interest (25, 26). I have found 
5-15% gradient gels most convenient for proteins of 10-200 
kDa. If the 10 -gel multicaster is used, the gradient can be 
easily formed with a gradient maker, but for single gels the 
volume required is too small. In that case cast a step gradient 
by mixing (Table 2). These solutions are carefully layered on 
top of each other; this is made easier when the heavy solution 
contains 10% glycerol (which does not otherwise interfere 
with electrophoresis). The total volume of that gradient is 2.35 
mL, enough for one mini- gel. With the photopolymerization 
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Table 2 

Volumes of 5 and 15% gel solution 

for a step gradient gel (1 minigel) 



% Desired 


5% (|xl) 


15%(|Lll) 


15.0 





392 


14.0 


36 


356 


13.1 


71 


320 


12.3 


107 


285 


11.3 


142 


249 


10.5 


178 


214 


9.5 


214 


178 


8.6 


249 


142 


7.7 


285 


107 


6.8 


320 


71 


5.9 


356 


36 


5.0 


392 






chemistry you can start polymerization once the gel is cast, (e) 
Proteins with very high molecular mass (>200 kDa) require 
low acrylamide concentrations that result in very soft, difficult 
to handle gels. Add 0.5% agarose to stabilize them without 
any effect on separation, (f) The buffer system used here was 
originally described in (17) as suitable for cationic electro- 
phoresis. However, a considerable number of other cationic 
systems with a pH range of 2.5-9.0 are listed on http://www. 
buffers.nichd.nih.gov for separation of samples with specific 
requirements. For example the Na/K-ATPase acylphosphate 
is most stable at acidic pH and destroyed in the presence of 
potassium. One may try system number 15, 18, 25, or 30. 
(g) CTAB has a relatively high Krafft-point and precipitates 
if the temperature drops below 18°C. If lower temperatures 
are desired during electrophoresis, consider replacing CTAB 
with a detergent with lower cmc and/or Krafft point like 
16-BAC. Note that the stacking properties of buffer systems 
are temperature dependent, on http://www.buffers.mchd. 
nih.gov systems for use at room temperature and at 0°C are 
available, (h) Prestained molecular weight markers, available 
for SDS-PAGE from several manufacturers, are unsuitable for 
CTAB -PAGE even after detergent exchange. The bound dye 
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influences the il f -value and separation is no longer according 
to molecular mass. It can only be hoped that such standards 
will also become available for CTAB-PAGE. 

3. Gel staining, (a) The staining of gels with Ponceau S is sensi- 
tive and fast, but staining with CBB-R250 is also possible. 
Phenol red can be used in the same way as Ponceau S, the 
same is probably true for other acidic dyes. Phenol red is 
fluorescent under acidic conditions, making very sensitive 
detection of proteins possible, (b) Silver staining of CTAB - 
gels is possible, the method of Heukeshoven and Dernick 
(27) achieves a higher sensitivity than that of Merril (28). 
You can execute the former method at a constant tempera- 
ture of 37°C for all steps; replace the glutardialdehyde with 
formaldehyde for maximum sensitivity, (c) PAS -staining of 
CTAB-gels (29) works, but considerable savings in time 
and chemicals are possible if the staining is performed on 
eastern- blots rather than on gels (30). (d) CTAB is a very 
mild detergent, which can retain the enzymatic activity of 
enzymes solubilized with it. Try zymograms (11), proteins 
in gels specifically stained by their enzymatic activity, at least 
with monomeric enzymes. Another paper in this volume 
discusses zymograms in detail {see Chapter "Simultaneous 
Immunoblotting Analysis with Activity Gel Electrophoresis 
and 2-D Gel Electrophoresis"), (e) Gels can be dried after 
incubation with 1% glycerol between two sheets of cello- 
phane. Span the assembly between two plastic frames and 
leave on the bench to dry overnight. This is a more conven- 
ient approach than drying gels onto filter paper, rehydration 
is easier should that become necessary. For autoradiography 
with 14 C or 35 S replace one of the cellophane sheets by Saran 
Wrap and remove after drying, (f) Alternatively destain by 
putting the gel between filter paper (3 sheets of Whatman 
No. 3 on both sides of the gel) and place it in a tank blot- 
ter with blotting buffer. Thirty minutes at 40 V (-200 mA) 
removes the background stain, while the protein/stain com- 
plex is immobile. If need be, proteins become mobile again 
after incubating the gel in 1 mM KOH for 30 min. 

4. Blotting, (a) Large membrane proteins like Na/K-ATPase 
and Mdrl blot well in a tank blotter but there is no obvi- 
ous reason why you cannot use other blotting methods (as 
described in this volume, see Chapter "Detection of Calcium 
Binding by Ro 60 Multiple Antigenic Peptides on PVDF 
Membrane Using Quin-2") if desired, (b) Before eastern 
blots can be immunostained, the CTAB needs to be washed 
off, as the protein/CTAB complexes would unspecifically 
bind antibodies. Wash PVDF membranes with SDS in methanol. 
For nitrocellulose 50% methanol, 10% acetic acid is suitable, 
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but results in weaker bands, (c) After removal of CTAB 
most of the staining procedures used for western blots can 
also be used for eastern, for example India ink (permanent) 
(31) or Ponceau S (32, 33) . The latter dye is washed off dur- 
ing the blocking step and does not interfere with immune 
detection, (d) When you use horseradish peroxidase con- 
jugated antibodies for detection, do not use sodium azide 
as preservative, since it inactivates the enzyme. Thimerosal® 
(sodium ethylmercurithiosalicylate) is a suitable alternative. 
(e) In some cases, phosphate or milk powder present in the 
Blotto may interfere (e.g., anti-phospho- tyrosine antibodies). 
In those cases use Tris-buffered saline (20 mM Tris-HCl, 137 
mM NaCl, 4 mM KC1, pH 7.4). Replace milk powder by fish 
skin gelatin (mammalian gelatin or bovine serum albumin 
work less well), (f) Detection of HRP-conjugated secondary 
antibodies can be done either by forming a colored precipi- 
tate directly on the blot (24) or by chemiluminescence (34) . 
The direct method is easier to perform and the stained blot 
can be glued into the notebook for a permanent record. 
Chemiluminescence is more sensitive by at least one order 
of magnitude. Note that for chemoluminescence detec- 
tion the secondary antibody must be more dilute to reduce 
background. Refer to manufacturers' instruction. Very 
pure luminol and ^-iodophenol (should be colourless, not 
brown) are required; commercially available reagent mixes 
may also be used, (g) Phosphatase-labeled secondary anti- 
bodies with the appropriate detection reagents should also 
be usable in eastern blotting, however, I have not tested this. 
(h) Alternatively incubate the membrane with the chemilu- 
minescence reagent (34) for several minutes, then wrap in 
cellophane and place against X-ray film. The light signal is 
stable for some time, during which you can try different 
exposure times. 
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A Miniaturized Blotting System for Simultaneous Detection 
of Different Autoantibodies 

Ulrich Canzler, Holger Bartsch, Kai GroBmann, Werner Lehmann, 
Karsten Conrad, Biji T. Kurien, Yaser Dorri, R. Hal Scofield, 
and Michael Bachmann 



Summary 

Sera of tumor patients frequently contain autoantibodies to tumor- associated antigens. Here we describe 
a miniaturized immunoblot platform allowing us to screen sera of patients for the presence of autoanti- 
bodies to ten autoantigens in parallel. 

Key words: Multiparametric assay, Autoantibodies, Tumor- associated antigens 



1. Introduction 



Autoantibodies to cellular components are not only found in sera 
of patients with autoimmune diseases: using a variety of different 
techniques including for example cDNA library screening (SEREX 
technique), enzyme linked immunosorbant assay, immunoblot- 
ting, immunocoprecipitation, and epifluorescence microscopy, 
but also detected in tumor patients (1-6). The presence of such 
antibodies are of interest for several reasons: (i) these antibodies 
indicate that tumor cells are indeed recognized by both, the cel- 
lular and humoral arm of the immune system, and (ii) the anti- 
bodies against tumor- associated antigens (TAAs) can perhaps be 
used as early indicators of a developing or already existing tumor 
or a relapse of a cancer. Many investigators have, therefore, been 
interested in the use of autoantibodies to TAAs as serological 
markers for cancer diagnosis [reviewed in (7) J. Enthusiasm for 
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this approach has been tempered by the low sensitivity when 
individual antigen-antibody reactions were studied: According 
to these studies, antibodies to any individual antigen such as for 
example p53, c-myc, or p62 do not reach levels of sensitivity 
which could become routinely useful in diagnosis. However, it 
was proposed that this drawback can be overcome by using a 
panel of selected TAAs. Indeed, some published data support the 
idea that a multiparametric assay improves the sensitivity and the 
specificity for a specific tumor entity when several selected TAAs 
are analyzed in parallel (8). Here we describe a novel platform, a 
miniaturized immunoblot system (Fig. 1), allowing us to screen 
sera for the presence of different autoantibodies in parallel. 
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Fig. 1 . Schematic view of the microblot manufacturing steps. 
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2. Materials 



2. 1. Bacterial 
Expression and 
Purification 
of Antigens 



2.2. Western Blotting 
for Preparing 
of the Microblot 



2.3. Development 
of Microblot 



1. Luria-Burtani (LB) medium (10 g/L NaCl, 5 g/L yeast 
extract, 10 g/L tryptone, pH 7.0), store at 4°C. 

2. Isopropyl (3-D-l-thiogalactopyranoside (IPTG), 1 M stock 
solution in water, store in aliquots at -20°C (see Note 1). 

3 . Bacterial expression clones (pET28 or equivalent) in BL2 1 (DE3 ) 
pLysS bacteria (see Note 2). 

4. Ni-NTA agarose (Qiagen, Hilden, Germany). 

5. Lysis buffer (8 M urea, 100 mM NaH 2 P0 4 , 10 mM Tris-HCl, 
pH8). 

6. Wash buffer I (10 mM imidazole, 8 M urea, 100 mM 
NaH 2 P0 4 , 10 mM Tris-HCl, pH 8.0) and wash buffer II (20 
mM imidazole, 8 M urea, 100 mM NaH 2 P0 4 , 10 mM Tris- 
HCl, pH 8). 

7. Elution buffer (350 mM imidazole, 8 M urea, 100 mM 
NaH 2 P0 4 , 10 mM Tris-HCl, pH 8) 

8. Suitable antibiotic stock, dependent on the used expression 
system. 

1. Transfer buffer: Roti-Blot A and Roti-Blot K (Carl-Roth, 
Karlsruhe, Germany). 

2. Nitrocellulose membrane: Porablot NCP, not enforced 
(Machery Nagel, Diiren, Germany) (see Note 3). 

3. 3MM chromatography paper from Whatman, Maidstone, 
UK. 

4. Tris-buffered saline with Tween-20 (TBST) (lOx): 1.5 M 
NaCl, 0.5 M Tris-HCl, pH 8, 1% Tween-20. Dilute 100 mL 
with 900 mL water for use. 

5. Blocking buffer: 5% (w/v) Blocking reagent (Roche, Man- 
nheim, Germany) in TBST. 

6. Ponceau S staining solution: 0.2% [w/v] Ponceau S in 0.3% 
[v/v] trichloroacetic acid. 

1 . The manufacturing principle of the microblot (9) is shown in 
Fig. 1 . Briefly, protein antigen bearing lines excised from stained 
western blots as well as marker bands for software -based data 
analysis are stacked and embedded in paraffin. Sections of 10 
jum are cut by a microtome, paraffin is removed and nitrocel- 
lulose slices are mounted to a solvent resistant support mem- 
brane by organic solvents. The resulting microblots (6x2 
mm) are fixed to a plastic holder and integrated into modules 
of a standard 9 6- well microtitre plate. Each microblot contains 
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ten autoantigen bands, seven marker bands, and a conjugate 
reaction control line. 

2. The solutions requested for development of the microblots are 
provided by Attomol GmbH (Lip ten, Germany) upon delivery 
of your microblot test system. These ready-to-use solutions 
include a sample diluent and a precipitating 3,3 ',5,5 '-te tram - 
ethylbenzidine (TMB) substrate solution for horseradish per- 
oxidase (HRP), concentrated wash buffer (lOx), and sheep 
anti-human IgG HRP conjugate (27 x). The wells containing 
the microblots are stored at room temperature (RT). The lOx 
washing buffer has to be stored at RT. The anti IgG HRP 
conjugate as well as the TMB substrate has to be stored at 
4°C. The sample diluent solution should be stored at -20°C. 

3. For data collection, a scanner with a suitable depth of focus 
(e.g., Plustek Optic Pro ST48) and a PC for documentation 
and analysis is required. The results can be automatically eval- 
uated with the Attomol® Microblot- Analyzer software. 

4. For washing of the 96-well microtitre plates, an ELISA washer, 
adjusted to 400 juL wash volume set to overflow can be used. 
Adjust the washer needle maximal eccentrically in order to 
provide the microblot from being touched (see Note 4). 
An automatic plate washer from Tecan GmbH (Germany) can 
be employed. 



3. Methods 



As patient sera are often limited, it is desirable to evaluate as much 
parameters with as little serum sample as possible. Therefore, mul- 
tiparameter assays have been developed. Other problems often 
confronted with when screening patient sera for specific antigen 
recognition are limitations concerning the used antigens. Often, 
these are difficult to purify or, if purchased, very expensive. 

One technique that is able to address both problems at one 
time (limited availability of serum sample and antigen) is the use 
of miniaturized multiparametric assays as for example the micro- 
blot technique used herein. Here, one can use very little amount 
of antigen, which does not need to be absolutely pure, because 
there is an additional SDS-PAGE step for separation of the 
protein of interest from undesired contaminants. In addition, in 
one well of a 96-well plate the simultaneous screening of up to 
ten different antigen reactivities can be accomplished. Also, 
the procedure is related to a normal ELISA assay, which makes 
it easy to perform. Hence, the microblot is very suitable for a 
multiparametric evaluation of precious patient sera. 
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3. 1. Preparation of 
Samples; Bacterial 
Expression; and Affinity 
Purification of His • 

o 

Tagged Proteins 



1 . If not already available , start with cloning of the desired antigens 
into a bacterial expression system. We have good experience 
using the pET system provided by Merck KGaA (Darmstadt, 
Germany), but other systems might work as well. 

2. The day before the bacterial expression pick an isolated colony 
of the desired clone and incubate in 10 mL LB medium 
supplemented with the appropriate antibiotic in a rotating 
incubator at 37°C overnight. 

3. Transfer 8 mL of the overnight culture to 800 mL of freshly 
prepared LB medium and continue to incubate at 37° C in a 
rotating incubator (see Note 5). 

4. Monitor the growth of the bacterial culture by measuring 
the optical density 600 (OD 600 ) and continue the culture until 
the OD, ftft reaches 0.5. 

5. Induce the culture by adding 1 mM IPTG. 

6. Grow the culture for additional 3 h and keep monitoring 
OD 600 at least every hour. If the OD 600 is not increasing any 
further, you can stop the culture. 

7. Pellet the bacterial suspension at 5,000 x $ for 20 min at 
4°C. Discard the supernatant. 

8. Store the cell pellet at -20°C until use or proceed immedi- 
ately with the purification procedure. 

9. Resuspend the pellet in 10 mL lysis buffer, add 1 mM PMSF 

(y^Note 6). 

10. Disintegrate the bacterial suspension by incubating for 15 
min at room temperature and periodical mixing. The suspen- 
sion will become very viscous due to the released nucleic 
acids. 

11. Degrade the nucleic acids by applying ultrasound in short 
pulses. Keep the protein suspension on ice during the whole 
procedure (^Note 7). 

12. Centrifuge the lysate for 15 min at 10,000 x $ (4°C) and 
save the supernatant for purification. 

13. Prepare a Ni-NTA column as follows: fill the bottom of a 
5-mL syringe with some sterile glass wool and wet the glass 
wool with water to remove any air that is trapped. Add 500 uX 
Ni-NTA agarose beads (approximately 1 mL Ni-NTA slurry) 
on top of the glass wool and equilibrate the prepared column 
with 10 mL lysis buffer. 

14. Apply the supernatant saved after the centrifugation step 
onto the column. Keep the flow through and reapply once 
more. If desired keep an aliquot for control purpose. 

15. Wash the column once with 10 mL lysis buffer. 
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8. Add 1 mL primary human or mouse sera at 1:100 dilution 
and incubate for 2 h. Decant (see Note 11). 

9. Rinse strips with deionized water 2-3 times (see Note 12). 

10. Wash five times with TBST, 5 min each time. Dilute anti- 
human or anti- mouse IgG conjugated to alkaline phos- 
phatase 1:5,000 with diluent and add 1 mL to each strip. 
Incubate for 1 h. Wash five times with TBST, 5 min each 
time. Add 0.5 mL substrate and develop bands. 

11. Align the strips (with developed bands) on card board insert 
(see Note 13). 



4. Notes 



1. Twenty one MAPs, from the Ro 60 sequence, (see Table 1) 
were synthesized at the Molecular Biology Resource Facil- 
ity, University of Oklahoma Health Sciences Center, Okla- 
homa City. OK, USA. The peptide sequences were designed 
based on the regions on Ro 60 bound by anti-Ro 60 human 
sera, obtained from systemic lupus erythematosus patients, 
in a PIN ELISA. The MAPs were quick HPLC purified and 
showed a single peak on mass spectrometric analysis (22). 
In experiments varying the amount of MAP, as little as 250 
ng of MAP could be detected on an immunoblot. 

2. Four to twenty percent gradient gels (Bioexpress) can also 
be used. 

3. SDS precipitates at 4°C. Therefore, the lysis buffer needs to 
be warmed prior to use. 

4. Add 100 mL of lOx TBS to a 1 L graduated cylinder and 
make it to about 800 mL with water. Transfer 50 g skim milk 
powder into the cylinder and stir until dissolved. Make to 1 
L with water. Separate 500 mL as the blocking solution. 
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To the remaining 500 mL add 250 juL of Tween-20 (cut 
end of blue tip to aspirate Tween-20 easily), dissolve and use 
it as diluent. 

5. Dissolve NBT in the bottle it came in. Likewise for BCIP. 
We started using stabilized ready-to-use BCIP/NBT sub- 
strate (Kirkegaard and Perry Laboratories, Gaithersburg, 
Maryland, USA) solution prior to switching to ECL plus 
chemiluminiscence (Amersham/GE Healthcare, Piscataway, 
NJ, USA). 

6. Do not heat MAPs with the lysis buffer, since it makes the 
MAPs to migrate as doublets at about 100,000 molecular 
weight on SDS-PAGE. Since they contain short sequences, 
there is no need to denature them with heat. 

7. Good contact between membrane and gel is essential for 
good transfer. Add extra foam if contact is insufficient. 

8. Using a dilute fast green solution helps to prevent over- 
staining of the membrane. Dilute stock fast green solution 
in gel destaining solution (25% methanol, 10% acetic acid). 
Use TBST to destain the membrane if it is overstained with 
fast green. 

9. Strips can be excised very nicely using a razor blade. A Mini 
PROTEAN® 3 System glass plate is placed at an angle on 
the nitrocellulose at a distance of 2 mm from the edge and 
the razor is used to cut the strip (pull the razor blade along 
the sides of the glass plate to cut). 

10. The tray can be gently slanted and the entire buffer can be 
discarded into the sink. The membrane strips remain stuck 
to the plates. 

1 1 . Decant diluted human sera into container having the diluted 
germicidal detergent Vesphene (Steris Corporation, St. 
Louis, MO, USA). Let sit in this for a couple of hours and 
then discard into sink. 

12. Rinsing the membrane strips with deionized water 2-3 
times will help remove a bulk of the nonspecific antibodies 
and other contaminants. This will help reduce the amount 
of TBST used subsequently and also reduce the number of 
washes. This wash helps to reduce nonspecific binding of 
NBT/BCIP to the strip. The water, owing to its low ionic 
strength compared with TBST, will be able to remove con- 
taminants much better than TBST. Water is much cheaper 
compared with TBST, in terms of money and labor. Other 
investigators have found no reduction in detection of spe- 
cific signals due to washing with water (23). 

13. We use paper boards found in between stacks of ELISA 
plates in packages of ELISA plates (Costar, Cambridge, MA, 
USA) for this purpose. 
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Chapter 22 



Affinity Purification of Autoantibodies from an 
Antigen Strip Excised from a Nitrocellulose Protein Blot 

Biji T. Kurien 



Summary 

A method for the affinity purification of autoantibodies from small volumes of human sera using a 
western blot strip containing a target antigen electrophoretically transferred from a sodium dodecyl sul- 
fate (SDS) polyacrylamide gel is described. This method is a very useful alternative for affinity column 
chromatography, particularly when the antigen of interest is of low abundance. The protein mixture is 
resolved on a preparative SDS polyacrylamide gel and transferred to nitrocellulose membrane. A couple 
of strips are excised vertically from either side of the blotted membrane and immunoblotted with specific 
antisera to identify the target band. Then the target band is excised horizontally and used for affinity 
purification. We have used this procedure to affinity purify antibodies to a 70,000 molecular weight 
protein derived from HeLa cell extract. A sham band, excised away from the target antigen, was used as 
a control for sham purification of autoantibodies. The autoantibodies purified in this manner reproduced 
the multiple nuclear dot anti-nuclear antibody pattern obtained using crude sera from 21 patients with- 
out primary biliary cirrhosis or anti-mitochondrial antibody. 

Key words: Anti-nuclear antibody, Multiple nuclear dot, Autoimmunity, Affinity purification, 
Nitrocellulose, Autoantibodies, Autoantigens 



1. Introduction 



Anti-nuclear antibodies (ANA), directed against a variety of nuclear 
antigens, are a common characteristic of autoimmune diseases (1). 
Its detection depends on the evaluation of immuno-fluorescence 
of tissue culture cells. ANA positive sera, typically, exhibit nuclear 
homogeneous, nuclear speckled or nucleolar immunofluorescence 
patterns on HEp-2 (Human Epithelial Type 2) cells. However, in 
certain instances, a distinct set of fluorescent spots called multiple 
nuclear dot (MND) ANA occur all over the nucleus except in the 
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nucleoli (2, 3). The MND ANA are similar to the anti-centromere 
pattern but differs in that the discrete fluorescent dots are larger, 
fewer in number, and seen only in the interphase cell, whereas the 
anti- centromere antibodies (ACA) give a speckled or punctate 
staining of the chromosomes in metaphase. 

We undertook a study to determine the antigen bound by 
sera from a group of 2 1 patients with MND ANA but no ACA. 
We found that the crude sera from these patients showed a MND 
ANA pattern on HEp-2 cells. These sera were also found to bind 
to a 70,000 molecular weight antigen on a HeLa cell extract 
immunoblot. This study was undertaken to see whether autoan- 
tibodies affinity purified off this 70,000 molecular weight protein 
could reproduce the pattern that we found using the crude sera. 

Purified antibodies are essential for a number of techniques, 
such as immunoblots, immunoassays, or cell staining (e.g., 
HEp-2 cells). There are several methods for purifying antibodies, 
e.g., precipitation with ammonium sulfate, use of hydroxyapatite 
column, gel filtration, protein A/B beads, and column affinity 
chromatography (4). Ammonium sulfate precipitation is advan- 
tageous in that it is cheap and convenient to work with large 
volumes. However, the antibody yields are impure, and therefore 
this procedure has to be coupled with other methods to obtain 
pure antibodies. Gel filtration is appropriate for IgM derived 
from all sources, since it can efficiently separate IgM from other 
antibody in polyclonal sera (4). Sample dilution, impure antibody 
yields and low sample capacity are some of the disadvantages of 
this method. Protein A beads are useful for IgG that bind to it 
from various sources and results in pure antibody, providing high 
yield in a single step. It is disadvantageous in that it is expen- 
sive and also because it is not suitable for all species and classes 
(4). Affinity column chromatography has been commonly used 
for purifying antibodies from polyclonal sera. This procedure 
requires pure antigen for coupling to the column, is expensive, 
and involves multiple steps. However, it is possible to obtain pure 
and specific antibody. The main disadvantage of this procedure 
is that it requires large amounts of pure antigen. However, when 
the antigen of interest is of low abundance in a mixture of pro- 
teins (like in HeLa cell extract) and antibodies to that antigen is 
to be characterized from limited amounts of patient sera, affinity 
purification using a Western blot strip containing that antigen 
becomes very useful. The protein mixture is electrophoresed on a 
SDS polyacrylamide gel, transferred to nitrocellulose membrane, 
and stained with Fast Green. Two thin strips, one from each side 
of the blotted membrane, are excised and immunoblotted with 
specific antisera to identify the target band. Then the target band 
is excised horizontally and used for affinity purification of autoan- 
tibodies from patient sera. A sham band of the nitrocellulose, 
approximately similar in size to the excised target band, was also 
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Fig. 1. Demonstration of immunoglobulin purified from the 70 kD band binding back 
to the 70 kD band on immunoblot. Lane 1: Crude MND ANA prototype human serum 
prior to affinity purification of anti-70 kD antibody; Lane 2- prototype human serum 
partially depleted of the anti-70 kD antibody following affinity purification (crude 
serum minus affinity purified antibodies); Lane 3- affinity purified anti-70 kD immu- 
noglobulin (reproduced from (5) with permission from publisher). 



cut from an area away from the 70 kD band. We have used affin- 
ity purification, using nitrocellulose membrane strips, to purify 
antibodies to the 70,000 molecular weight protein derived from 
HeLa cell extract to reproduce binding to the 70 kD protein on 
immunoblot (Fig. 1) as well as the multiple nuclear dot anti- 
nuclear antibody pattern (Fig. 2) detected using crude sera from 
21 patients without primary biliary cirrhosis or anti- mitochon- 
drial antibody (5). 



2. Materials 



Prepare all solutions using ultrapure water (prepared by purifying 
deionized water, to attain a sensitivity of 18 M Q cm at 25°C) 
and analytical grade reagents. Prepare and store all reagents at 
room temperature (unless indicated otherwise). Diligently follow 
all waste disposal regulations when disposing waste materials. We 
do not add sodium azide to the reagents. 
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Fig. 2. Indirect immunofluourescence showing that affinity anti-70 kD antibody repro- 
duces the pattern obtained with crude serum. Top panel -Purified anti-mitochondrial 
antibody with MND and binding to a 100 kD antigen in immunoblot; Middle panel- MND 
serum that bound to a 70 kD antigen in immunoblot; Bottom panel- antibody affinity 
purified off the 70 kD band from the MND serum. HEp-2 slides are incubated with crude 
or purified anti-70 kD IgG, washed with PBS and further incubated with FITC labeled 
anti-human IgG secondary antibody. The slides are washed with PBS and photographed 
(reproduced from ©with permission from publisher). 



Resolving gel buffer: 1.5 M Tris-HCl, pH 8.8. Add about 100 
mL water to a 1 L graduated cylinder or a glass beaker (see 
Note 1). Weigh 181.7 g Tris and transfer to the cylinder. Add 
water to a volume of 900 mL. Mix and adjust pH with HC1 
(see Note 2). Make up to 1 L with water. 
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2. Stacking gel buffer: 0.5 M Tris-HCl, pH 6.8. Weigh 60.6 g 
Tris and prepare a 1 L solution as in previous step. 

3. Thirty percent acrylamide/bis solution (29.2:0.8) Weigh 
29.2 g of acrylamide monomer and 0.8 g bis (cross-linker) 
and transfer to a 100 mL graduated cylinder containing about 
40 mL of water. Add a spatula of mixed-resin beads and mix 
for about 30 min. Make up to 100 mL with water and filter 
through a 0.45 urn Corning filter (see Note 3). Store at 4°C, 
in a bottle wrapped with aluminum foil (see Note 4). 

4. Ammonium persulfate: 10% solution in water (see Note 5). 

5. N.N.^.^-Tetramethyl-ethylenediamine (TEMED) (Sigma 
Chemical Company, St. Louis, MO, USA). Store at 4°C (see 
Note 6). 

6. SDS-PAGE running buffer: 0.025 M Tris-HCl, pH 8.3, 
0.192 M glycine, 0.1% SDS (seeNotc 7). 

7. SDS lysis buffer (5x): 0.3 M Tris-HCl (pH 6.8), 10% SDS, 
25% p-mercaptoethanol, 0.1% bromophenol blue, 45% glyc- 
erol. Leave one aliquot at 4°C for current use and store 
remaining aliquots at -20°C (seeNote 8). 

8. Bromophenol blue (BPB) solution: Dissolve 0.1 g BPB in 
100 mL water. 

9. Phosphate buffered saline (PBS), pH 7.4. Dissolve 5 PBS 
tablets (Sigma) in 1 L water to obtain PBS solution, pH 7.4 
at 25°C (0.01 M phosphate, 0.00027 M potassium chloride, 
0.137 M sodium chloride). 

10. Human lymphocytes: Purify lymphocytes from normal 
human peripheral blood using Lymphoprep (Fisher Scientific, 
Dallas, TX, USA) according to manufacturer's instruction. 

11. BenchMark prestained molecular weight standards (Gibco 
BRL, Bethesda, MD, USA). 

12. Nitrocellulose membranes (Bio-Rad, Hercules, CA, USA). 

13. Western blot transfer buffer: 0.025 M Tris, 0.192 M glycine, 
20% methanol (see Note 9). 

14. Western blot transfer apparatus (Bio-Rad). 

15. Tris buffered saline (TBS; lOx): 1.5 M NaCl, 0.1 M Tris- 
HCl, pH 7.4. 

16. Blocking solution: 5% milk in TBS (see Note 10). Store at 

4°C. 

17. Diluent solution: 5% milk in TBST (see Note 10). Store at 

4°C. 

18. Alkaline phosphatase (AP) buffer: Weigh 6.1 g of Tris, 2.9 g 
sodium chloride and 0.51 g magnesium chloride-6H 2 and 
make it to v mL with water after adjusting pH to 9.3 with 
HC1. Store at 4°C (see Note 1). 
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19. Nitro blue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl 
phosphate (BCIP): Add 33 juL of BCIP and 66 juL of NBT 
to 10 mL of AP buffer at the time of assay. 

20. Glycine elution buffer (Glycine Buffered Saline-Tween-20; 
GBST): 0.2 M glycine, 0.15 M NaCl, 0.05% Tween-20, pH 
2.7 (GBST). Store at 4°C. 

21. Electrophoresis system: Mighty small vertical slab gel unit 
(Hoeffer Scientific) (see Note 11). 

22. HEp-2 slides (INOVA, San Diego, CA, USA). 

23. Centricon 30 micro -concentrators (Amicon, Danvers, MA, 

USA). 

24. Alkaline phosphatase conjugated affinity purified goat anti- 
human IgG (Jackson ImmunoResearch Laboratories, West 
Grove, PA, USA). 

25. Nitro blue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl 
phosphate (BCIP): Dissolve 1 g NBT in 20 mL of 70% 
dimethylformamide (DMF). Disolve 1 g BCIP in 20 mL 
of 100% DMF. Add 33 juL of BCIP and 66 juL of NBT to 
10 mL of alkaline phosphatase buffer just before adding to 
membrane. 

26. Fluorescent isothiocyanate conjugated affinity purified goat 
anti-human IgG (Jackson ImmunoResearch). 

27. Tubes (3.5 mL) (Sarstedt 55.484, Numbrecht, Germany). 

28. 0.009" single edge razor blades-Smith Brand (Fisher Scientific). 

29. Membrane strip mini-incubation container (Bio-Rad). 

30. Helium. 



3. Methods 



All procedures are carried out at room temperature unless other- 
wise specified. 



3. 1. Preparation of 
Human Lymphocyte 
Extract 



Lyse the lymphocytes by sonication in PBS using a Branson 
sonicator (setting # 4) and spin at 10,000 x g for 10 min (see 
Note 12). Analyze an aliquot of the supernatant by SDS- 
PAGE. 



32. 10% Preparative 
SDS Polyacrylamide 
Gel 



Mix 2.5 mL of resolving buffer, 3.33 mL of acrylamide mix- 
ture, and 4 mL water in a 50 mL conical flask. Degas with 
helium for 10 min. Add 100 juL of SDS, 80 juL of ammo- 
nium persulfate, and 10 juL of TEMED and cast gel within 
a 7.25 cm x 10 cm x 1.5 mm gel cassette. Allow space for 
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stacking gel and gently overlay with isobutanol or water (see 
Note 13). 

2. Prepare the stacking gel by mixing 1.25 mL of resolving 
buffer, 0.67 mL of acrylamide mixture and 3 mL water in 
a 50 mL conical flask. Degas with helium for 10 min. Add 
100 juL of SDS, 40 juL of ammonium persulfate, and 5 juL 
of TEMED. Insert a preparative gel comb immediately with- 
out introducing air bubbles. 

3. Heat an aliquot of the lymphocyte extract at 95°C for 5 min. 
Do not add lysis buffer to the prestained protein standard or 
subject it to heat (manufacturer instructions). The heated 
lymphocyte extract was centrifuged at 3,000 x g for 30 s to 
bring down the condensate. Load the sample and the pro- 
tein standard (10 uL/well) on the gel. Electrophorese at 
1 5 mA until the sample enters the gel and then continue at 
25 mA till the dye front (from the BPB dye in the samples) 
reached the bottom of the gel (see Note 14). 

3.3. Immunoblotting 1 . Transfer proteins resolved on SDS PAGE to nitrocellulose 

membrane by Towbin's electrophoretic transfer method (5) 
(see chapter "Detection of La/SS-B by Western Blot Using 
Nanogold- Tagged Antibodies and Silver Enhancement"). 

2 . Stain with Fast Green to visualize proteins transferred to the 
membrane (see Note 15). 

3. Trim the edges of the membrane. Wrap the Fast Green 
stained membrane in cling wrap and make a photocopy for 
record keeping purposes. 

4. Excise the lane with molecular weight standards from the 
main nitrocellulose sheet containing the transferred protein. 
Excise a tiny wedge from the bottom left side of the marker lane 
and the main membrane sheet for orientation purposes (see 
Note 16). 

5. Excise two strips, each about 2 mm in width, from either 
ends of the main nitrocellulose membrane sheet. Place them 
in a 12 -lane mini incubation container. 

6. Destain strips with TBST. 

7. Block for 1 h with 1 mL each of blocking solution. 

8. Add 1 mL primary sera at 1:100 dilution and incubate for 
2 h. Wash five times with TBST, 5 min each time. Dilute 
anti-human IgG conjugated to alkaline phosphatase 1:5,000 
with diluent and add 1 mL to each strip. Incubate for 1 h. 
Wash five times with TBST, 5 min each time. Add 0.5 mL 
substrate and develop bands. 

9. Align the two strips (with developed bands) on either side 
of the main nitrocellulose membrane and excise the desired 
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antigen strip (horizontally this time). Use this strip, contain- 
ing the antigen of interest, for the affinity purification of 
autoantibodies ( see Note 17). 

10. Cut a sham strip away from the target antigen strip and also 
similar to the size of the target antigen strip. This is used as 
a sham purification control. 

3.4. Purification of 1. Block the tubes for collecting purified antibodies, the tubes 

Autoantibodies (6, 7) for incubating the membrane strips with sera (Sarstedt 

55.484) and the Centriprep 30 concentrator with 1% milk/ 
TBST solution for 30 min at 4°C (see Note 18). 

2. Wash the tubes adequately with TBST to get rid of unbound 
milk protein. 

3 . Cut the nitrocellulose membrane strip with the desired anti- 
gen into smaller pieces and transfer to Sarstedt 3.5 mL "B" 
tube (for blocking). Incubate these pieces with 2.5 mL 5% 
milk/TBST for 30 min on an orbital shaker. 

4. Wash well with several changes of TBST. 

5. Transfer pieces from the "Blocking tube" ("B") to a serum 
"Incubation" ("I") tube previously blocked with 1% milk/TBST. 

6. Incubate nitrocellulose pieces with 2.5 mL of a 1:50 sera 
dilution in 5% milk/TBST for 1 h on an orbital shaker (see 
Note 19). 

7. At the end of the incubation, pipet off and save the diluted 
sera (sera diluted 1:50 in 5% milk/TBST) into another tube 
for use in later repeat sera incubations with the membrane 
pieces. 

8. Transfer the membrane pieces to a TBST "Wash" tube ("W") 
and wash five times (10 min each time) on the orbital shaker. 

9. After the wash, transfer the membrane pieces to a "Glycine 
Elution" tube ("E"). 

10. Add 2.5 mL glycine elution buffer (GBST) and shake vigor- 
ously on an orbital shaker for 2 min. Then pipette the solu- 
tion to a previously blocked collection tube. 

1 1 . Repeat with 2.5 mL of GBST and pipette into collection tube. 

12. Add 2.5 mL of TBST and shake for approximately 1 min and 
pipette this solution into the collection tube. 

13. Neutralize GBST with 500 juL of 1 M Tris. 

14. Transfer pieces back to "blocking" tube ("B"). Block for 30 
min in 5% milk/TBST. Wash with TBST. 

15. Repeat steps 4-10 for two more elution cycles. However, 
care need to be taken to use a 1:100 dilution of sera in 5% 
milk/TBST saved in step 7. 

16. Upon completion of 3 elution cycles, transfer nitrocellulose 
pieces back to "blocking" tube ("B"). Block in 5% milk/TBST 
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for 30 min. The nitrocellulose can be stored at 4°C for 1-2 
weeks if further elutions are needed. 

17. Concentrate the eluted antibody solution to required vol- 
ume (see Note 20). Antibody is now ready for immuno- 
blotting, (see Note 21) carried out as in Subheading 3.3 or 
ANA testing. 

18. Arrange the immunoblotted strips on card board inserts (see 

Note 22). 



4. Notes 



1 . Having water at the bottom of the cylinder helps to dissolve 
the Tris much faster, allowing the magnetic stirrer to go to 
work immediately. If using a glass beaker, the Tris can also 
be dissolved faster if the water is warmed to about 37°C. 
However, the downside is that care should be taken to bring 
the solution to room temperature before adjusting the pH. 

2. Concentrated HC1 (12N) can be used at first to narrow the 
gap from the starting pH to to the required pH. From then 
on it would be better to use a series of HC1 (e.g., 6N and 
IN) with lower ionic strengths to avoid a sudden drop in pH 
below the required pH. 

3. Wear a mask when weighing acrylamide. To avoid exposing 
acrylamide to coworkers, cover the weigh boat containing the 
weighed acrylamide with another weigh boat (similar size to 
the original weigh boat containing the weighed acrylamide) 
when transporting it to the fume hood. Transfer the weighed 
acrylamide to the cylinder inside the fume hood and mix on a 
mixer inside the hood. Unpolymerized acrylamide is a neuro- 
toxin, and care should be exercised to avoid skin contact. 

4. The acrylamide solution can be stored at 4°C for one month. 
The acrylamide mixture, buffer, and water can be prepared 
in large batches, frozen in aliquots (for greater day-to-day 
reproducibility) and used indefinitely (see ref. 4). Remove 
the required amount, bring to room temperature, and add 
the other ingredients for polymerization. 

5. We find it is best to prepare this fresh each time. 

6. We find that storing at 4°C reduces its pungent smell. 

7. Simple method of preparing running buffer: Prepare lOx 
native buffer (0.25 M Tris, 1.92 M glycine). Weigh 30.3 g 
Tris and 144 g glycine, mix and make it to 1 L with water. 
Dilute 100 mL of lOx native buffer to 990 mL with water 
and add 10 mL of 10% SDS. Care should be taken to add 
SDS solution last, since it makes bubbles. 
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8. SDS precipitates at 4°C. Therefore, the lysis buffer needs to 
be warmed prior to use. 

9. Dilute 100 mL of lOx native buffer to 800 mL with water 
and add 200 mL of methanol. Avoid adding methanol 
directly to the lOx buffer, since it precipitates its ingredients. 
Even in such a scenario the precipitate can be redissolved by 
the addition of 800 mL water. 

10. Add 100 mL of lOx TBS to a 1 L graduated cylinder and 
make it to about 800 mL with water. Transfer 50 g skim 
milk powder into the cylinder and stir until dissolved. Make 
to 1 L with water. Separate 500 mL as the blocking solution. 
To the remaining 500 mL add 250 juL of Tween-20 (cut end 
of blue tip to aspirate Tween easily), dissolve, and use it as 
diluent. 

1 1 . Hoeffer Scientific was taken over by Pharmacia LB and now 
by GE Healthcare Piscataway, NJ, USA. 

12. Cells were sonicated four times, 15 s each time. The tube 
with the lysate is chilled on ice in between sonication steps to 
prevent the contents from heating. Do this in a fume hood 
with an ear protector. 

13. The gel cassette was sealed at the base using 1% agarose. 
Overlay the resolving gel with water for gels having acryla- 
mide concentration lower than 8% and use isobutanol (or 
isobutanol saturated with water) for gels of 10% or greater 
(see ref. 4). This overlay prevents contact with atmospheric 
oxygen, (which inhibits acrylamide polymerization) in addi- 
tion to helping to level the resolving gel solution. 

14. Centrifuging the samples prior to the run helps remove insol- 
uble debris, which could produce streaks in the protein lanes 
(revealed when stained with Coomassie blue). Add a drop of 
0.1% BPB to the upper chamber buffer. This helps to form a 
much stronger dye front during the electrophoretic run. 

1 5 . Using a dilute Fast Green solution help to prevent overstat- 
ing of the membrane. Dilute stock Fast Green solution in gel 
destaining solution (25% methanol, 10% acetic acid). Use 
TBST to destain the membrane if it is overstained by Fast 
Green. 

16. Strips can be excised very nicely using a razor blade. A Mini 
PROTEAN® 3 System glass plate is placed at an angle on 
the nitrocellulose at a distance of 2 mm from the edge and 
the razor is used to cut the strip (pull the razor blade along 
the sides of the glass plate to cut). 

17. The Fast Green stained proteins bands in the main nitrocel- 
lulose membrane should be still visible. After aligning the 
two strips on either side of the membrane, the developed 
band on the strips will line up with one of the bands on the 



Affinity Purification of Autoantibodies 21 1 

membrane. This will permit the easy excision of the desired 
band from the main membrane. 

1 8 . This will prevent antibody loss as a consequence of adher- 
ence to the tubes. 

19 . Exercise universal serum handling precaution when handling 
human sera. Treat each serum sample as potentially hazard- 
ous. 

20. It is possible to concentrate up to 500 juL with Centri-Prep 
30 concentrator. If there is a need to reduce the volume 
further, use a 10,000 or 30,000 molecular weight cut off 
microcentrifuge tube. 

21. If assaying for antibody purity (of the purified antibody) 
on western blot, best results are obtained by incubating 
on nitrocellulose strips overnight at room temperature on 
the orbital shaker. This allows better binding of low titer 
antibody recovery and also washes should be longer (10 
min instead of 5 min) and more frequent (5 vs. normally 4 
washes). 

22. We use paper boards placed in between stacks of ELISA 
plates in packages of ELISA plates (Costar, Cambridge, MA, 
USA) for this purpose. 
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Chapter 23 



Double-Blotting: A Solution to the Problem 
of Nonspecific Binding of Secondary Antibodies 
in Immunoblotting Procedures 

Frangoise Lasne 



Summary 

Nonspecific interactions between blotted proteins and unrelated secondary antibodies generate false 
positives in immunoblotting techniques. Some procedures have been developed to reduce this adsorp- 
tion but they may work in specific applications and be ineffective in other ones. "Double-blotting" has 
been developed to overcome this problem. It consists of interpolating a second blotting step between the 
usual probings of the blot membrane with the primary antibody and the secondary antibodies. This step, 
by isolating the primary antibody from the interfering proteins, guarantees the specificity of the probing 
with the secondary antibody. This method has been developed for the study of erythropoietin in con- 
centrated urine since a strong nonspecific binding of biotinylated secondary antibodies to some urinary 
proteins is observed using classical immunoblotting protocols. However, its concept makes it usable in 
other applications that come up against this kind of problem. This method is expected to be especially 
useful for investigating proteins that are present in minute amounts in complex biological media. 

Key words: Double-blotting, Immunoblotting, False positives, Secondary antibodies, Erythropoietin 



1. Introduction 



The development of a test for anti-doping control of erythropoietin 
(EPO), a hormone used in endurance sport to stimulate the red 
blood cell production, has been a long and exacting task. The 
method is based on differentiation of natural and recombinant 
(used in case of doping) hormones in urine by their isoelectric 
profiles (1). For this, urine is first submitted to ultrafiltration 
to concentrate EPO in retentates that are then subjected to 
isoelectric focusing. Immunoblotting of EPO is then performed 
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using primary monoclonal anti-human EPO antibodies and 
secondary biotinylated goat anti-mouse IgG antibodies (2). The 
major drawback of the ultrafiltration step is the resulting very high 
protein content of the retentates that are then subjected to the next 
step of isoelectric focusing. This is particularly true for the urine 
samples taken at the end of a competition, because of proteinuria 
induced by physical exercise. This results in retentates with huge 
total protein contents (about 50 g/L for samples taken at rest 
and up to 200 g/L for samples taken after a physical exercise) 
for an EPO concentration generally no more than 4 jug/L. Such 
a situation is a real challenge for the classical immunoblotting 
procedures. Indeed, a strong nonspecific binding of secondary 
antibodies to some proteins present in the retentates was 
observed, completely masking the detection of EPO. All attempts 
to prevent or reduce this nonspecific binding were ineffective 
when working directly on the blotting membrane. The problem 
was solved by isolating the primary antibody from the interfering 
proteins on a second membrane that was then probed by the 
secondary antibody without any risk of nonspecific binding (3, 
4). Gershoni has emphasized the difficulty of resolving such a 
problem (5). For this, after it has been probed by the primary 
antibody, the membrane with the blotted proteins is assembled 
with a second blank membrane and submitted to a second blotting 
under acidic conditions. The primary antibody molecules are thus 
desorbed from their corresponding antigen and transferred onto 
the second membrane, whereas the antigen and the interfering 
proteins remain bound to the first one. The second membrane 
can then be probed by the secondary antibodies without the risk 
of nonspecific binding. 



2. Materials 



Since double blotting (DB) takes place after probing of the blot- 
ting membrane (B membrane) with a primary antibody and 
before probing with the secondary one (Fig. 1), the reagents and 
materials for these steps (blotting membrane, blocking and wash- 
ing buffers, primary and secondary antibody solutions, possibly 
amplification system, development reagents) will not be indicated 
here, being specific for the application in which DB is introduced 
(j^Note 1). 
Only the materials used for the DB step itself will be detailed. 

1. Semi- dry transfer unit. 

2. Roller. 

3. Immobilon P (Millipore, Molsheim, France) polyvinylidene 
fluoride membranes (PVDF), 0.45 urn pore size. 
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primary antibody 



washing 



acidic transfer 



+ 



development ^ secondary antibody 



blocking 




DB membrane 

Fig. 1 . Positioning of the double-blotting process into an immunoblotting procedure. The 
additional steps specifically related to DB are grey coloured. 



4. Durapore (Millipore) hydrophylic PVDF membranes, 0.65 
jum pore size 

5. Filter paper sheets: electrode paper Novablot (GE Healthcare, 
Saclay, France). 

6. 0.7% (v/v) acetic acid solution. 

7. Phosphate buffered saline (PBS) pH 7.4. 

8. Sealing film, parafilm. 



3. Methods 



1. Proceed to the usual blotting, blocking, primary antibody 
probing and washing steps of your B membrane, according to 
your application. DB is performed after the last wash of your 
B membrane (see Fig. 1 and Note 2). 

2. Cut two stacks of 9 filter paper sheets, a Durapore (intermedi- 
ate membrane) and an Immobilon P (DB membrane) mem- 
brane to the dimensions of the blotting membrane. 

3. Condition them in 0.7% acetic acid: just immerse the Durap- 
ore in the acidic solution for at least 10 min, prewet the Immo- 
bilon P membrane in methanol for 3 s, rinse in water for 2 min 
before equilibration in acidic solution for 10 min. The stacks 
of filter paper are moistened in acetic acid solution by capillary 
action. 

4. During the same time, perform a rinsing of the B membrane 
in two changes of PBS. 

5. Layer the B membrane of your application onto a first stack 
of filter paper with the blotted proteins facing up and cover it 
with the intermediate and DB membranes successively. Quickly 
put the second stack of filter paper onto the DB membrane to 
prevent the membranes from drying (see Note 3). 
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intermediate membrane ► 



wet papers 

DB membrane 



wet papers 



B membrane 



anode 

Fig. 2. Experimental set-up for DB. 



6. Position this sandwich on the anode plate of the semi-dry 
electrophoretic blotting instrument so that the B and the 
DB membranes will face the anode and the cathode, respec- 
tively (Fig. 2). 

7. Place a sealing film onto the sandwich and carefully press out 
the air bubbles with the roller. Remove the film. 

8. Place the cathode plate on the sandwich and connect the 
blotting instrument to the power supply. 

9. Apply a constant intensity of 0.8 mA per cm 2 for 10 min (see 
Notes 4-6 ) . 

10. Disconnect the blotting instrument and disassemble the 
membranes (^^Note 3). 

11. Keep the B membrane in PBS at 4°C (see Note 7). 

12. Rinse the DB membrane quickly in two changes of PBS (see 
Note 3). 

13. Proceed to the blocking of the DB membrane according to 
your usual procedure 

14. Proceed to the usual steps of your application from the prob- 
ing with the secondary antibody to the final development, 
on the DB membrane. 



4. Notes 



1. Reagents for detection of erythropoietin. The method 
is illustrated by its application to immunodetection of 
erythropoietin. The specific reagents used in the case of EPO 
are: (a) Primary antibodies: monoclonal mouse anti-human 
EPO (clone AE7A5 from R&D, Abingdon, England), (b) 
Secondary antibodies: biotinylated goat anti- mouse IgG (H 
+ L) (31800 from Pierce, Rockford, USA), (c) Amplifying 
systems: Strep tavidin/biotinylated peroxidase complexes 
(G014-61 from Biospa, Milano, Italy), (d) Development 
system: Chemiluminescence (SuperSignal West Femto from 
Pierce), (e) Blocking buffer: 5% (w/v) non-fat milk in PBS 
buffer. 
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2. DB has been developed using PVDF as blotting membrane 
and has not been tested with other types of membranes. 

3. Be aware that the DB membrane is very sensitive to drying 
when not saturated. This, while being not visually perceptible 
during the handling of the membrane, will produce a high 
background in the final image. It is thus extremely important 
to quickly perform the steps in which the membrane is han- 
dled without any liquid contact. 

4. The acidic pH of this step induces dissociation of the pri- 
mary antibody molecules from their corresponding antigen. 
The released antibodies, being positively charged due to the 
acidic pH, migrate toward the cathode, passing through the 
intermediate membrane and thus are transferred onto the 
DB membrane. Since the acidity does not affect hydrophobic 
interactions with PVDF, the antigen and the unrelated pro- 
teins (interfering proteins and proteins used for blocking the 
B membrane) are retained on the B membrane (Fig. 3). It 
should be noted that the result is actually an "image" of the 
probed antigen since it is only the antibody on the second 
membrane and not the antigen that gives rise to the final sig- 
nal. However, this image is quite representative of the probed 
antigen (Fig. 4). 

5. The interposition of the intermediate membrane between 
the B and the DB was very useful in our application (EPO 
analysis), which uses nonfat milk as a blocking agent, some 
"holes" in the final image obtained with the DB membrane 
being sometimes observed when this intermediate membrane 
was omitted. Although the explanation for this is purely hypo- 
thetical (local releases of clumps of casein precipitated by the 
acidic pH), the interpolated microporous Durapore mem- 
brane worked as a barrier definitely remedying this problem. 
It is possible that this membrane is not necessary in other 
applications but its use is strongly advised in case of "holes" in 
the final image. 

6. The use of an electric field speeds up the transfer of the primary 
antibody from the blotting to the DB membrane. However, 
a simple contact between the membranes (passive transfer) 
without applying an electric field for a prolonged time (30 



i i DB membrane 

primary antibody 




intermediate membrane l _"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_" _"_" 

+ 

Fig. 3. Principle of double-blotting. 
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Fig. 4. Isoelectric patterns of EPO (A) images obtained without DB of (a) pure recombinant human EPO (rHuEPO) (Epoetin 
a), (b) a retentate obtained from ultrafiltration of a urine sample (chosen because it is devoid of endogenous EPO); (B) 
images obtained with DB of (c) pure rHuEPO (Epoetin a), (d) the same retentate as in b, (e) rHuEPO introduced into this 
same retentate; (C) images obtained with DB of (f) a retentate from urine containing natural endogenous EPO, (g) a 
retentate from urine containing excreted rHuEPO. In the case of pure rHuEPO, comparison of the images obtained with- 
out (a) and with (c) DB shows that no significant change in the isoelectric pattern is induced by the DB process. In the 
case of a retentate, due to the binding of the secondary antibody on the urinary proteins, a very strong EPO non-specific 
signal of is observed with the classical immunoblotting process (b). DB totally eliminates this nonspecific signal (d) and 
enables to specifically detect the introduced rHuEPO (e). An illustration of the use of DB in anti-doping control analysis 
is given in (C), natural endogenous urinary EPO (f) and administered rHuEPO excreted in urine (g) are differentiated by 
their isoelectric patterns. 



min) has been tested in dot blot experiments and proved to be 
usable too (data not shown). 

7. Storage of the B membrane (on which the blotted proteins are 
retained) in PBS may be useful. If some problem is observed 
on the final image, e.g. high background (see Note 3), it is 
possible to reuse the stored B membrane to perform a second 
DB. In this case, the B membrane is reincubated in the pri- 
mary antibody of the application and DB is then performed as 
described earlier. If desired, it is possible to probe the stored B 
membrane with a different primary antibody prior to perform- 
ing a second DB. This enables obtaining an image of another 
antigen from the same sample. 
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Chapter 24 



Efficient Electroblotting of Very Large Proteins 
Using a Vertical Agarose Electrophoresis System 

Marion L. Greaser and Chad M. Warren 



Summary 

Very large proteins (subunit sizes >200 kDa) are difficult to electrophoretically separate, and they are also 
challenging to analyze by western blotting because of their incomplete transfer out of polyacrylamide 
gels. An SDS vertical agarose gel system has been developed that has vastly improved resolving power 
for very large proteins. The large pores of the agarose also allow full transfer of proteins as large as 
titin (Mr =3,000-3,700 kDa) onto blots. Inclusion of a reducing agent in the upper reservoir buffer and 
transfer buffer has been found to be a key technical procedure in blotting large proteins. 

Key words: SeaKem agarose, Titin, DATD, Large protein blotting 



1. Introduction 



Very large molecular weight proteins are difficult to separate by 
electrophoresis because of their poor penetration into gels using 
the Laemmli SDS (sodium dodecyl sulfate) polyacrylamide sys- 
tem (1). Protein migration in SDS gels has been found to be 
linear with the log of the molecular weight (2), so the larger the 
protein, the more poorly it is resolved from other big proteins. 
Many workers have attempted to solve this problem using very 
low concentration acrylamide gels (3), acrylamide mixed with 
agarose (4), or acrylamide gradients (5) to better separate large 
proteins. Low concentration acrylamide gels are difficult to use 
because of their mechanical fragility and distortion during han- 
dling; these problems are magnified when blotting is attempted. 
An additional difficulty in blotting very large proteins is their 
poor transfer to the membrane. Inclusion of 2-mercaptoethanol 
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Fig. 1 . SDS 1% agarose gel stained with silver. A centimeter ruler is shown on the left 
and the sizes of the various protein bands in kDa are listed on the right Abbreviations: 
DV dog ventricle; RS rat soleus; HV human ventricle; HS human soleus; CF crayfish 
claw muscle. Human soleus titin is 3,700 kDa and human ventricle has two titin bands 
of 3,300 and 3,000 kDa. The bands at 780 and 850 kDa are rat and human nebulin, 
respectively. The myosin heavy chain is 223 kDa. Blotting proteins this size from acry- 
lamide gels usually results in incomplete transfer, but full transfer can be achieved with 
agarose (7). 



in the transfer buffer improves transfer efficiency, but acrylamide 
gels stained after transfer typically still contain most of the giant 
muscle protein titin (6). 

A new electrophoresis system using SDS agarose for protein 
electrophoresis and blotting has been described (7). An exam- 
ple showing the resolution for several muscle samples containing 
large proteins is shown in Fig. 1. Migration distance shows a 
linear relationship with the log of the molecular weight (7). This 
system allows quantitative transfer of proteins from the gel with 
much higher reproducibility than can be achieved with methods 
using low percentage acrylamide. 
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2. Materials 



2. 1. Apparatus 



1. SE 600 Slab Gel Unit with 16 x 18 cm glass plates (Hoefer) 
or a similar commercial gel unit (see Note 1). 

2. 65°C oven. 

3. 3 A constant current power supply. 

4. Circulating cooler. 

5. TE62 Tank Blotting Unit, Hoefer (GE Health Services, 
Piscataway, NJ, USA). 

6. DATD (N-N' diallyltartardiamide) (Bio-Rad, Hercules, CA, 

USA). 

7. CAPS (2\T-cyclohexyl-3-aminopropanesulfonic acid) (Sigma 
Chemical Company, MO, USA). 

8. N^jNTAT-tetramethyl-ethylenediamine (TEMED). 

9. Acrylamide. 

10. 0.45 jum filter (such as a Millex-HA, Millipore Corporation, 

USA). 



2.2. Stock Solutions 



5. 
6. 



38.5% acrylamide for gel for plug: Weigh 37.5 g of acry- 
lamide and 1 g DATD into a beaker, add about 50 mL of 
water, stir till dissolved, dilute to 100 mL. Filter through 
a 0.45 jum filter (such as a Millex-HA, Millipore Corpora- 
tion). Store in a brown bottle in the cold room (4°C). Dan- 
ger! Avoid skin contact. 

Reservoir and agarose gel buffer concentrate (5x): 0.25 M 
Tris - 1.92 M glycine - 0.5% SDS. Store at room tempera- 
ture (RT). 

Ammonium persulfate: Prepare a 100 mg/mL solution in 
water; store frozen in 0.5 mL aliquots (stable indefinitely at 
-20°C). 

Sample buffer: 8 M urea, 2 M thiourea, 0.05 M Tris-HCl 
(pH 6.8), 75 mM DTT, 3% SDS, 0.05% bromophenol blue 
(adapted from ref. 8). (Dissolve urea and thiourea and treat 
with mixed bed resin to remove ionic constituents; then add 
remaining ingredients. Store at -20°C). 

50% v/v glycerol. 

Transfer buffer: 20 mM Tris, 150 mM glycine, 20% v/v 
methanol (7, 8) or 10 mM CAPS, pH 11 (9). For high 
molecular weight proteins, add SDS and 2-mercaptoethanol 
to 0.1% and 10 mM, respectively, to the transfer buffer. 
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3. Methods 



3. 1. Gel Preparation 



1. Volumes listed will provide enough solution for two 16 x 18 
cm gels with 1.5 mm spacers. One is used for staining either 
with Coomassie Blue or with silver with a special procedure 
for agarose (7), the other for blotting. 

2. Clean plates and spacers with soap, rinse with distilled water 
and finally with ethanol. 

3. Assemble gel plates. Place plate on clean bench top. Place 
spacers hanging half the way off each side of plate. Place sec- 
ond plate on top. Stand up plates and place one side into the 
clamp. Align spacer with side of plates and clamp and push 
spacer down so that bottom is flush with the glass plates (top 
buffer will leak if spacers are not flush with plates). 

4. Pour acrylamide plugs in bottom of gel plate assembly (see 
Note 2): In a 15 mL plastic beaker add: 1.924 mL deionized 
water, 1.7 mL 50% glycerol, 2.12 mL 3 M Tris (pH 9.3), 
2.72 mL acrylamide (40%), 24 juL of 10% ammonium persul- 
fate, and 13 uL TEMED (see Note 2). Mix by pipeting a few 
times. Immediately add 2.5 mL to each gel assembly. Add a 
small amount of water on top of each plug to level the upper 
surface and provide an oxygen barrier. Allow gel to polymer- 
ize for 20-30 min. Drain off water layer by inverting gel plate 
assembly on a paper towel. 

5. Place assembly, 20 lane sample combs, and 60 mL plastic 
syringe in a 65 °C oven for 10 min (see Note 3). 

6. Weigh 0.8 g of SeaKem Gold agarose (Lonza Group Ltd) (see 
Note 4) into a 600 mL beaker (see Note 5). To a 100 mL 
graduated cylinder add 48 mL of 50% v/v glycerol (see Note 
6), 16 mL of 5x electrophoresis buffer, and bring up the vol- 
ume to 80 mL with deionized water. Place parafilm over top 
of the graduated cylinder, mix by inverting a few times, and 
pour solution into the 600 mL beaker containing the agarose. 
Place saran wrap over top of beaker and poke a few holes in 
the saran wrap. Weigh beaker with contents. Place beaker in 
a microwave oven along with a separate beaker of deionized 
water. Heat for a total of 2 min (stop every 30 s to swirl - pro- 
tect hand with an insulated glove) (see Note 7). 

7. Allow agarose to cool for a few min at RT. Reweigh, and add 
sufficient heated deionized water to replace that lost by evap- 
oration. 

8. Draw up about 40 mL of agarose in the prewarmed 60 mL 
Luer-Lock syringe and pour each gel slowly until it just over- 
flows the top of the plates. Try to avoid formation of bubbles 
(if bubbles present, bring them to the top of the gel and pinch 



3.2. Electrophoresis 
Setup and Sample 
Loading 
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them with the sample comb). Insert sample combs and allow 
unit to cool at RT for about 45 min (see Note 8). 

1. Add 4 L of buffer to lower chamber (3,200 mL deionized 
water plus 800 mL of 5x electrophoresis buffer). Start cooling 
unit and stir bar (gels run at 6°C). 

2. Prepare 600 mL upper chamber electrophoresis buffer (same 
concentration as lower chamber buffer). Add 2-mercaptoeth- 
anol (final concentration of 10 mM). Buffer should be poured 
into top chamber after samples are loaded and assembly placed 
in unit. 

3 . Take combs out of gels by bending them back and forth to 
detach from gel and slowly pulling them up. Pour a small 
amount of upper chamber buffer into a 15 mL beaker and 
pipette buffer into first and last wells (the rest will fill over). 
Add buffer to remove any trapped bubbles. Insert pipette tip 
to deposit sample in bottom of the sample well. Skip the first 
and last lanes (see Note 9). 



3.3. Running Gels 



Once samples are loaded, put upper chamber on the assembly. 
Pour upper chamber buffer into upper chamber from corners 
(do not pour buffer directly over wells). Place lid on unit, and 
connect to power supply. Turn electrophoresis unit on and 
run at 30 mA (2 gels) for 3 h. 



3.4. Staining and 
Western Blotting 



After tracking dye reaches the bottom of the acrylamide plug, 
turn off the power and disassemble the plates. Cut off sample 
wells and acrylamide plug and discard. Soak the remaining 
agarose gel in 10 mM CAPS (pH 11), 0.1% SDS, and 10 mM 
2-mercaptoethanol for 30 min with gentle shaking. 

The gel is then placed on top of either a sheet of PVDF (pol- 
yvinylidene difluoride) or nitrocellulose, assembled into the 
transfer unit, and the protein electrophoretically transferred 
using 40 V constant voltage for 2-3 h (see Note 10). 

Blotted proteins can then be treated using conventional pro- 
cedures with either colorimetric (horseradish peroxidase or 
alkaline phosphatase substrates) or ECL (enhanced chemilu- 
minescence) methods. 



4. Notes 



1 . The agarose gel procedure works equally well with small for- 
mat gels (i.e., 8 x 10 cm). 
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2. The acrylamide plug is used to prevent the agarose from 
slipping out of the vertical gel plate assembly. Use of DATD 
as the cross-linker provides a stickier bond of the acrylamide 
to the glass plates than if a conventional bisacrylamide cross- 
linker is used. Plugs can be poured a day before making the 
gel (place tape or parafilm over the top of the plates to pre- 
vent drying and store in cold room). 

3. Preheating the glass plate assembly, well comb, and syringe 
prevents premature agarose gelling when the solution 
touches the colder surfaces. In addition, the plates are less 
likely to crack during pouring if they are closer to the tem- 
perature of the hot agarose. 

4. The supplier for SeaKem Gold agarose has changed twice 
since 2003. Biowhittaker was succeeded by Cambrex who 
was followed by Lonza Group Ltd, Muenchensteinerstrasse 
38, CH-4002 Basel, Switzerland. 

5 . It is essential to use SeaKem Gold agarose for optimal migra- 
tion of high molecular weight proteins. This type has large 
pore size and excellent mechanical stability. Other types of 
agarose may be used, but the protein mobility will be signifi- 
cantly reduced. 

6. Glycerol is included in the mixture to increase the solution 
viscosity inside the gel and thus sharpen the protein bands. 

7. Periodic swirling during the heating step eliminates non- 
hydrated agarose granules in the final gel. 

8 . Sample combs should extend no longer than 1 cm into aga- 
rose; otherwise they may be difficult to remove. Gels can be 
used right away or stored overnight in a cold room. 

9. Conventional sample buffers may not be dense enough for 
the sample to stay at the bottom of the well. If necessary add 
additional glycerol (up to 30% v/v final concentration) to 
increase sample density. 

10. The disulfide bond formation of large proteins during elec- 
trophoresis also retards their migration out of the gel onto 
blots during transfer. Thus inclusion of 2-mercaptoethanol 
in the transfer buffer improves efficiency of transfer of high 
molecular weight proteins. The use of the agarose elec- 
trophoresis system with inclusion of 2-mercaptoethanol in 
the transfer buffer results in complete transfer of all high 
molecular weight proteins out of the gel, including titin (Mr 
3,000-3,700 kDa subunit size) (7). Alternatively, protein 
can be alkalated to prevent disulfide bond formation during 
the transfer process (10). 
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Chapter 25 



Semi-Dry Protein Transfer and Immunodetection 
of P-Selectin Using an Antibody to its C-terminal Tag 

Padmaja Mehta 



Summary 

P-selectin is a multidomain glycoprotein expressed on activated endothelial cells. We previously expressed 
a recombinant form of P-selectin containing only its N-terminal lectin and EGF domains in CHO-K1 
cells and showed that these two domains are sufficient to mediate ligand binding. We have now expressed 
the same construct in CHO-Lecl cells that make truncated glycans. The uniform glycosylation in these 
cells should make it easier to crystallize this protein. 

Key words: SDS-PAGE, Western blotting, Chromogenic detection, Immobilon-P, P-selectin, 
P-selectin Glycoprotein ligand- 1 (PSGL-1) 



1. Introduction 



Selectins are multidomain glycoproteins that play an impor- 
tant role both in inflammation and tissue injury (1). P-selectin 
is expressed on activated endothelial cells and platelets, E-selec- 
tin is expressed on activated endothelial cells, and L-selectin is 
expressed on leukocytes. The tetrasaccharide sialyl Lewis x forms 
the core structure recognized by all selectins (2). In addition, 
P-selectin and L-selectin require sulfation of one or more N-ter- 
minal tyrosine residues in their cognate ligand P-selectin glyco- 
protein ligand- 1 (PSGL-1). L-selectin also requires sulfation of 
one or more GlcNAc residues in its ligands on HEV mucins on 
lymph nodes (3). 

All selectins contain an N-terminal lectin domain, an EGF 
domain, a variable number of consensus repeats, a transmembrane 
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domain, and a cytoplasmic tail. Using a recombinant form of 
soluble P-selectin containing only the lectin and EGF domains 
expressed in CHO-K1 cells, we have shown that the lectin 
and EGF domains of P-selectin are sufficient to bind its ligand, 

psgl-i^;. 

We also generated a recombinant, soluble, monomeric form 
of P-selectin in the CHO-Lecl cell line for further structure- 
function studies. The recombinant protein was purified by affin- 
ity chromatography over an HPC4 antibody column (5), and 
its purity checked by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) followed by silver- staining and 
western blotting. 



2. Materials 



2. 1. P-selectin lec-EGF 



1. P-selectin lec-EGF was purified by HPC4 affinity chroma- 
tography from conditioned medium of transfected CHO- 
Lecl cells. 



2.2. SDS-Polyacrylamide 
Gel Electrophoresis 
(SDS-PAGE) 



7. 



8 



9. 
10 



30% acrylamide/bis solution (37.5:1 with 2.6% C) (see 
Note 1). 

Separating gel buffer (3x); 1 M Tris-HCl, pH 8.8. Store at 

4°C. 

Stacking gel buffer (5x); 1 M Tris-HCl, pH 6.8. Store at 

4°C. 

Gel loading buffer: 62.5 mM Tris-HCl, pH 6.8, 5% p-mer- 
captoethanol, 10% glycerol, 2% SDS. A 3x version of the 
gel-loading buffer was also made by reducing the amount of 
water used to make up the final volume (see Note 2). 

10% SDS solution. (Exercise care when using this chemical 
in the dry form.) Store at room temperature (RT). 

N,N,N,N tetramethyl-ethylenediamine (TEMED): Make a 
10% solution in water. This should be made fresh every time 
to ensure good polymerization of gels. 

Ammmonium persulfate (APS): Make a 10% solution in 
water. This should also be made fresh every time to ensure 
good polymerization (see Note 3). 

Running buffer for SDS-PAGE: 25 mM Tris, 190 mM 
glycine, 0.2% (w/v) SDS. This buffer was made as a lOx 
solution and diluted with water before use. Store at RT. 

P-mercaptoethanol (Bio-Rad, Hercules, CA, USA). 

Rainbow Molecular Weight Markers (Bio-Rad). 
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2.3. Western Blotting 



2.4. Immunostaining 



1. Setup buffer: 25 mM Tris, 190 mM glycine, 20% (v/v) meth- 
anol. Do not adjust the pH of the Tris solution. 

2. Immobilon-P membrane (Millipore, Massachusetts, USA). 

3. Methanol. 

4. Thick filter paper. 

1. Equilibration buffer 25 mM Tris, 190 mM glycine, 20% meth- 
anol. Do not adjust the pH of the Tris solution. 

2. 20 mM Tris-HCl pH 7.5, 100 mM NaCl (TBS), 1 mM CaCl 2 
(see Note 4). 

3. Wash buffer: TBS with 1% Tween-20 (see Note 5). 

4. Blocking solution: Nonfat dry milk, 5% in TBS (see Note 6). 

5. Primary antibody: Diluted to 5 jug/mL in blocking solution. 

6. Secondary antibody (biotinylated): 5 jug/mL in TBS contain- 
ing 0.1% BSA. 

7. Vectastain kit (ABC) (peroxidase conjugate). 

8. Chromogenic substrate: 4-chloro-l-naphthol. 



3. Methods 



3.1. P-Selectin lec-EGF 
(Sample for Western 
Blotting) 

3.2. SDS-Polyacrylamide 
Gel Electrophoresis 
(SDS-PAGE) 



Over the years, several antibodies have been raised against 
P-selectin (6). Many of these antibodies have been shown to 
have epitopes that lie mainly within the lectin domain. Most of 
these antibodies recognize three-dimensional (conformational) 
epitopes, and hence will stain only gels that have been run with- 
out treating the samples with p-mercaptoethanol (i.e., under 
nonreducing conditions). This will be applicable to other pro- 
teins as well, hence when staining any protein, the antibody used 
for the Western blot should be selected carefully. The antibody 
used for staining here is an antibody to its C-terminal epitope tag, 
and will stain under reducing conditions as well. 

P-selectin lec-EGF was purified by HPC4 affinity chromatogra- 
phy from conditioned medium of transfected CHO-Lecl cells as 
previously described (4). 

A minigel apparatus, made by Atto (Tokyo, Japan) was used. The 
proteins were electrophoresed in buffer containing 2-mercap- 
toethanol essentially as described by Laemmli (7), using a discon- 
tinuous SDS-polyacrylamide gel system with a 12.5% separating 
gel (see chapter "Non-electrophoretic bi-directional transfer of 
a single SDS-PAGE gel with multiple antigens to obtain twelve 
immunoblots" ) . 
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3.3. Western Blotting 
(Semi-Dry Transfer) 



3.4. Immunostaining 



This technique is used to electrophoretically transfer the samples 
run on SDS-PAGE, to a membrane support, like Immobilon-P, 
which is a PVDF membrane (8). The directions below are specifi- 
cally applicable to the Bio-Rad Trans-Blot SD Semi-dry Transfer 
cell. The gel equilibration steps and the assembly of the transfer 
cassette will be similar even when using other types of transfer 
apparatus, including a transfer tank system. However, the volume 
of buffer required and the length of run will differ. 

1 . After the dye front in the separating gel reaches the base of the 
gel, turn the power off and disconnect the gel unit. Pour out 
the running buffer, remove the gel cassette from the unit and 
disassemble. Very carefully, pry the two plates open, allow- 
ing the gel to remain on the straight plate. The straight plate 
is laid down on the bench with the gel face up. Cut out the 
stacking gel and make a small mark in the left corner at the 
base of the separating gel near the dye front. 

2. Place the separating gel in a small flat trough (the clean cover 
of a tip box is a good option) containing western blotting 
set-up buffer. Allow the gel to equilibrate in this buffer on a 
rocker for 5-10 min. 

3. Fill two more flat troughs with the set-up buffer, and one 
trough each with water and methanol. 

4. Cut a piece of Immobilon-P the same size as the separating gel 
(see Note 7). Place it in the methanol container for one min, 
drip dry, and place it in the trough of water for 2 min. Place 
this container on the rocker and ensure that the membrane is 
completely submerged in the water. After 2 min, transfer the 
membrane to a fresh trough containing set-up buffer. 

5 . Take two pieces of extra thick filter paper and wet them in 
a fresh trough containing set-up buffer. Place one wet filter 
paper on the transfer apparatus surface. Layer this with the 
piece of Immobilon that is soaked in buffer. Place the equili- 
brated gel over the Immobilon and complete the assembly 
by placing the second piece of moist filter paper over the 
sandwich. 

6. Place the lid of the transfer apparatus on this sandwich and 
connect the electrodes to the power supply. Run the transfer 
at 15 V for 20 min with the current limit at 350 mA per gel. 
(Increase the time if transferring two gels, but do not increase 
the voltage beyond 25 V.) 

1. After the transfer is complete, remove the lid of the transfer 
apparatus carefully. Separate the gel sandwich and remove the 
Immobilon membrane ( see Note 8). 

2. Place the Immobilon membrane in the blocking solution in a 
flat trough and keep this on a rocker at RT for lh(see Note 9). 
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3. Dilute the primary antibody (HPC4, an anti Protein C anti- 
body with its epitope fused to the C-terminus of P-selectin) 
to a concentration of 5 jug/mL into blocking solution (add 
one drop of normal horse serum) and incubate the proteins 
on the membrane with the primary antibody for 1 h at RT 
(this incubation can also be performed at 4°C overnight). 

4. Wash the membrane with four changes of transfer wash 
buffer over 20 min, on a rocker. 

5 . Transfer the membrane to a 5 jug/mL solution of the bioti- 
nylated secondary antibody, made in dilution buffer (add 2 
drops antibody for every 20 mL buffer). Incubate the mem- 
brane with the secondary antibody at RT for 45 min, on a 
rocker. 

6. Wash the membrane with four changes of transfer wash 
buffer over 20 min, on a rocker. 

7. In the meantime, prepare the Vectastain ABC reagent by 
adding 4 drops of reagent A and 4 drops of reagent B to 20 
mL of the dilution buffer. Mix well and let it stand at RT for 
30 min. 

8. Transfer the membrane to the Vectastain ABC reagent pre- 
pared above and incubate on a rocker for 30 min at RT. 

9. Wash the membrane with three changes of transfer wash 
buffer over 15 min, on a rocker. Wash once with TBS. 

10. In the meantime prepare the peroxidase substrate solution 
containing 0.5 mg/mL of 4-chloro-l-naphthol as follows: 
dissolve 30 mg of 4-chloro-l-naphthol in 10 mL of chilled 
methanol. To this, add 50 mL TBS and 30 juL of 30% hydro- 
gen peroxide (see Note 10). 

11. Incubate the membrane with the substrate solution at RT. 
Color development should occur within 5-10 min (see 
Note 11). 

12. After sufficient color has developed and the bands are clearly 
visible as shown in Fig. 1, wash the membrane twice in 
deionized water and air dry for storage. After the membrane 
is dry, store it wrapped in saran-wrap. 



4. Notes 



1 . This is a neurotoxin, so great care should be taken while han- 
dling this chemical. Use gloves and do not breathe fumes. 

2. When running samples under nonreducing conditions, the 
P-mercaptoethanol should be omitted from the buffer. 
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Fig. 1. Electrophoresis of P-selectin lec-EGF expressed in CHO-Led -cells. After SDS- 
PAGE, the proteins were transferred to Immobilon-P and stained with the HPC4 anti- 
body. P-lec-EGF has three potential N-glycosylation sites and the three bands seen on 
the western blot represent three different glycosylated forms of the protein. 



3 . For the sake of convenience, this can be made in a larger volume 
and then stored in single use (200 juL) aliquots at -20°C. 

4. The calcium chloride is not required for the technique itself 
and its addition is optional. We add it for the stability of our 
protein and its interaction with the primary antibody. 

5. We have observed that a wash buffer containing Triton - 
X-100 instead of Tween-20 is not as effective. 

6. Nonfat dry milk contains carbohydrates. When using detection 
reagents that stain carbohydrates (such as lectins and certain 
antibodies), a different blocking solution (such as 3% BSA) 
should be used, or else you will get a high background. 

7. Always use gloves when handling the gel and the Immobilon 
membrane. 

8 . After the transfer, the gel can be stained with a protein stain 
to assess the quality of the transfer so that it can be optimized 
for subsequent runs. If a large amount of higher molecular 
weight bands are still visible on the gel, this indicates that 
the proteins should be transferred for a longer time. 

9. The amount of blocking or antibody solution used should 
be sufficient to keep the membrane completely submerged 
even when the container is on the rocker. 

10. The conjugated enzyme will vary depending on the ABC 
kit used. For peroxidase conjugates, other substrates that 
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11. 



may be used include TMB and DAB-Ni. The entire immu- 
nostaining protocol will remain the same, only the substrate 
preparation and incubation times will vary. 

It is recommended that for color development, a fresh con- 
tainer be used for incubation with substrate. 
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Chapter 26 



The Multiple Antigen Blot Assay: A Simple, Versatile 
and Multipurpose Immunoenzymatic Technique 

Oscar Noya, Sandra Losada, Marilyan Toledo, 
and Belkisyole Alarcon de Noya 



Summary 

This technique is based on the sensitization of different antigens in a single nitrocellulose strip, which 
react when exposed to an immune serum and thereafter with the appropriate peroxidase conjugate and 
the corresponding substrate. Signals in those reactive spots are recorded as black squares in a negative 
photographic film, using a chemiluminiscent substrate or as blue spots when a precipitable colorimetric 
substrate is used. This technique allows the simultaneous demonstration of antigenicity of different 
antigens (peptides, recombinant molecules, and crude preparations), with a high sensitivity and specificity. 
Its major value is based on its versatility, since it is possible to rapidly evaluate and to compare various 
antigenic preparations and to use it for diagnosis of different infectious, allergic and autoimmune diseases, 
at a low cost. 

Key words: Multiple, Blot, Antigen, MABA, Immunochromatographic, Enzyme-immunoassay, 
Immunodiagnosis, Luminescent, Colorimetric 



1. Introduction 



Three diagnostic techniques comply with the concept of simulta- 
neous multidiagnosis: the antigen/antibody microarrays (1), the 
multiple laser detection beads (Multiplex ®) (2), and the multi- 
ple antigen blot assay (MABA) (3). The first two have been used 
for the detection of antigens, antibodies, or nucleic acids, while 
the third one only for antibodies, so far. 

The occurrence of simultaneous infections is not an infre- 
quent finding worldwide; therefore, it would be ideal for the 
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health personnel to be aware about the patient's current or past 
history of contact with the most important pathogens, as well as 
his immune status, to have a more integral knowledge of each 
patient for a more rationale medical practice. With this purpose, 
MABA can be implemented and adapted for particular popula- 
tions and institutions, such as blood banks, pediatric diseases, 
immunocompromised patients, vaccine evaluation, etc., being 
a major line of research of our laboratory. It is also a practical, 
rapid, reproducible, sensitive, and cheap technique for the iden- 
tification and evaluation of antigens (antigenicity) and sera. This 
can be done with crude, chemically synthesized and recombinant 
antigens (4-8). Allergic conditions detecting specific IgE have 
been successfully evaluated with this technique (9). Another 
advantage is that a single MABA that allows the evaluation of at 
least 28 different sera against 28 different antigens is equivalent 
to eight conventional ELISA plates. The cost of evaluation of 
each antigen per patient is 0.078$ by MABA vs. 0.114$ by a 
conventional ELISA. 



2. Materials 



1. Carbonate -bicarbonate buffer, pH 9.6: 1.59 g sodium car- 
bonate (Na 2 CO s ) (0.015 M); 2.93 g sodium bicarbonate 
(NaHCCg (0.03 M). Adjust pH to 9.6 and with distilled water 
complete to a final volume of 1,000 mL. Store at 2-8°C. 

2. Phosphate buffered saline (PBS)-0.05% Tween-20 (PBST), 
pH 7.5: Solution A (0.2 M NaH 2 P0 4 ): 24.0 g NaH 2 P0 4 
(anhydrous) in 1,000 mL distilled water; solution B (0.2 M 
Na 2 HP0 4 ): 5.68 g Na 2 HP0 4 (anhydrous) in 200 mL distilled 
water;13 mL solution A+ 87 mL solution B+ 8.76 g NaCl + 
up to 800 mL distilled water. Adjust pH to 7.5 with solutions 
A or B. Then, complete with distilled water up to 1,000 mL 
and add 0.5 mL of Tween-20. Once prepared, keep at 4°C. 

3. Blocking solution (5% non-fat milk in PBST): 5 g nonfat milk 
in 100 mL PBST. Prepare freshly. 

4. SuperSignal® (West Pico Chemiluminescent Substrate, Pierce, 
USA, Cat. # 34077). The two solutions should be mixed 1:1. 
Prepare freshly. 

5. Acetate buffer 50 mM: Solution A: acetic acid 200 mM: 2 
mL acetic acid +172 mL distilled water; Solution B: 5.44 g 
sodium acetate in 200 mL distilled water. The buffer may be 
stored at 2-8°C for up to 1 month;110 mL Solution A+ 15 
mL Solution B+ distilled water up to a volume of 500 mL. 
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6. TMB Membrane Peroxidase Substrate (KPL; Gaithersburg 
MD, USA, Cat. # 50-77-03): This substrate contains 3,3', 
5,5' - tetramethylbenzidine in acidic buffer. The concen- 
tration of hydrogen peroxide (H 2 2 ) is 0.02%. It is a very 
sensitive chromogenic substrate for peroxidase detection. It 
develops a deep blue color at the reaction sites labeled with 
horseradish peroxidase-labeled conjugates. No reagent prep- 
aration is needed. 

7. Sodium metaperiodate-SMP (Sigma Chemical Company, St. 
Louis, MO, USA, Cat. #S-1878) (1 mM) in acetate buffer: 
4.28 mg SMP in 20 mL acetate buffer. Prepare freshly. 

8. 50 mM sodium borohydride (NaBH 4 ) (Sigma Chemical Com- 
pany, St. Louis, MO, USA, S-9125) in PBS: 0.189 g NaBH 4 
in 100 mL PBS. Prepare freshly. 

9. Anti-human IgG (Fc specific) peroxidase antibody produced 
in goat (Sigma A-0170). For continuous use, store at 2-8 °C 
up to 1 month. For extended storage, the solution may be fro- 
zen in working aliquots at -20°C, since repeated freezing and 
thawing is not recommended. Dilute to 1:30,000 in blocking 
solution. Prepare freshly. 

In some cases, the quality of the water is critical. In those situ- 
ations it is necessary to use Milli Q water. 



3. Methods 



3. 7. Luminescent 
MABA (3) 



1. A rectangle of nitrocellulose (NC) sheet (BIORAD® 0.45 um 
Cat. 162-0115) 7.5 x 10 cm is cut (Fig. 1) and labeled with 
an indicator line in one of the borders for reference, done with 
a fine ball point- water resistant pen (Fig. 2). 

2. The paper is soaked in distilled water for 5 min (Fig. 3). 

3. The wet paper is aligned in the upper part of Miniblotter® 
28SL (Immunetics Inc, Cambridge, MA, USA), with the ref- 
erence line parallel to channel 1 (Fig. 4). Then, a plastic cushion 
is placed onto the nitrocellulose sheet (Fig. 5). 

4. The Miniblotter® is closed with the lower piece and tightened 
with the two provided screws (Fig. 6). Avoid membrane dam- 
age by excessive tightening. Remaining water in the parallel 
channels is removed by aspiration with an Eppendorf-type 
pipette (Fig. 7). Next steps should be carried out in less than 
half and hour, to prevent drying and possible cracking of the 
paper. 
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Fig. 1. Cut a rectangle of NC sheet 7.5 x 10 cm. 




Fig. 2. Reference line in one of the borders. 




Fig. 3. NC paper is soaked in distilled water for 5 min. 
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Fig. 4. NC is aligned in the upper part of Miniblotter® with the reference line parallel to 
channel 1 . 




Fig. 5. A plastic cushion is placed onto the NC. 




Fig. 6. The Miniblotter® is closed with the lower piece and tightened with the two pro- 
vided screws. 
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Fig. 7. Remaining water in the channels is removed by aspiration with an Eppendorf- 
type pipette. 



5. The different antigen preparations (crude, synthetic peptides, 
and recombinant molecules) up to a maximum of 28 can be 
analyzed in each NC sheet, at a concentration between 10-50 
ug/mL in a carbonate -bicarbonate buffer, pH 9.6. 

6. To sensitize the NC sheet, 60 mL of each antigen are intro- 
duced in each groove of the Miniblotter® (Fig. 8), avoiding the 
formation of bubbles, and incubated for 60 min on an orbital 
or horizontal shaker, at room temperature (RT) (Fig. 9). 

7. The antigen solutions are removed by washing with 40 mL 
PBST, using a washing bottle (Fig. 10) or the manifold pro- 
vided with the equipment (Fig. 11). 

8 . Then the Miniblotter® is opened and the NC sheet is washed 
three times with 10 mL PBST on a shaker for 10 min each. 

9. Blocking is achieved by immersing the NC in 5% nonfat milk 
in PBST for 2 h on a shaker, at RT (Fig. 12). 

10. Once blocked, the NC sheet could be processed immedi- 
ately or stored wrapped in filter paper and inside a plastic bag 
at -20°C. 

11. Numbered 2 mm wide strips are cut perpendicular to the 
channels and the reference line, with a scalpel (Fig. 13). 
Therefore, each strip would contain a row of square spots 
corresponding to a maximum of 28 different antigens. 
Shorter strips with less spot rows can be designed. 

12. Strips are immersed individually in the troughs of an incu- 
bation tray, in serum diluted (1:100 or 1:200) in blocking 
solution (Figs. 14-16) and incubated for 90 min at RT on 
a shaker (Fig. 17). 

13. Strips are washed 3-5 times depending on the background 
of each system, for 10 min each, with PBST (Fig. 18), 
and then incubated for 90 min with the corresponding 
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Fig. 8. Sixty microliter of each antigen are introduced in each groove. 




Fig. 9. Incubation for 60 min on an orbital or horizontal shaker. 




Fig. 1 0. Antigen excess is removed by washing with 40 mL PBST using a washing bottle. 
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Fig. 1 1 . Antigen excess can also be removed by washing with 40 mL PBST using the 
manifold provided with the equipment. 




Fig. 12. Blocking is achieved by immersing the NC sheet in 5% nonfat milk in PBST for 
2 h on a shaker. 




Fig. 13. Numbered 2 mm wide strips are cut perpendicular to the channels and the 
reference line, with a scalpel. 
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Fig. 14. Add 600 |jl_ of blocking solution. 




Fig. 1 5. Three to six microliter of sera (dilution of 1 :200 or 1 :1 00, respectively) in block- 
ing solution. 




Fig. 16. Strips are immersed individually in the troughs of an incubation tray. 
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Fig. 17. Incubation for 90 min at RT on a shaker. 




Fig. 1 8. Strips are washed 3-5 times for 1 min each, with PBST on a shaker. 



anti-serum horseradish peroxidase labeled conjugate (Fig. 
19), diluted (1:1,000-1:50,000) in blocking solution at RT, 
on a shaker. 

14. Three washes of strips are carried out for 10 min each with 
PBST, as in Fig. 18. 

1 5 . All strips are put together in a single tray. In case of using a 
chemiluminescent substrate, strips are immersed in approxi- 
mately 1 mL of SuperSignal® solution for at least 1 min (Fig. 20) 
and arranged in parallel onto a glass (Fig. 21) and covered 
with a plastic wrap (Figs. 22 and 23). 

16. Finally, the strips are exposed to Hyperfilm® (Amersham, 
UK, Cat. # RPN3103K), under darkness and developed photo- 
graphically (Fig. 24). Routinely, two different exposure times 
are carried out: 5 and 20 s, depending on the intensity of the 
signal for each condition. For each antigen and antibody sys- 
tems, all steps must be standardized. If it is available a luminescent 
detection system (ChemiDoc ™, BIO-RAD Laboratories, 
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Fig. 19. Incubation for 90 min with the corresponding anti-serum horseradish peroxi- 
dase-labeled conjugate. 




Fig. 20. Strips are immersed in approximately in 1 mL SuperSignal® for at least 1 min. 




Fig. 21 . NC strips are arranged in parallel onto a glass. 
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Fig. 22. Strips are covered with a plastic wrap. 




Fig. 23. Strips are exposed to Hyperfilm® under darkness. 




Fig. 24. Representative MABA of antigenicity of crude extracts and synthetic peptides from different infectious agents 
recognized by patient's sera developed with chemiluminiscent substrate. 



17. 
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Inc. CA, USA), the equipment directly registers electroni- 
cally the luminescent signal. 

In case of nonspecific reactivities due to cross -reacting crude 
antigens, treatment of the antigen preparation with sodium 
metaperiodate is recommended (see Note 1). 



3.2. Colorimetric 
MABA 



(See Subheading 3.1, steps 1-12 are the same for luminescent 
and colorimetric MABA) 

1. To develop with a precipitable colorimetric substrate, 
the peroxidase-labeled conjugate should be diluted in 
PBS/0. 3%Tween-20 without milk and incubated for 90 min 
at RT with continuous gentle agitation on a shaker. 

2. Wash the strips four times for 10 min each with PBS-0.3%- 
Tween-20. 

3 . Remove the PBS and incubate in the TMB® membrane per- 
oxidase substrate solution previously warmed at RT for 5-15 
min, or until desired color is achieved. 

4. Stop reaction by immersing the NC in distilled water for 20-30 
s. The reaction should be stopped before background color 
becomes too intense (Fig. 25). For storage, dry the membrane, 
seal with clear plastic and store in the dark to minimize fading. 



4. Notes 



MABA-SMP: Certain crude antigens have limitations because 
of false -positive results due to immunological cross -reactions 
that are frequent within certain organisms such as helminths. 












Fig. 25. Representative MABA of antigenicity of crude extracts and synthetic peptides from different infectious agents 
recognized by patient's sera developed with colorimetric substrate. 
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Most of these molecules correspond to glycosylated epitopes 
(10). To minimize this serological cross -reactivity, oxidation 
with sodium metaperiodate (SMP) has been used to eluci- 
date the role of carbohydrate portion of antigenic glycopro- 
teins in the reactivity by serology (11, 12). After treatment 
of crude antigens with SMP, the hydroxyl groups of sugars 
are oxidized to aldehydes under acidic pH. In the presence 
of a reducing agent such as sodium borohydride (NaBH 4 ), 
aldehydes become alcohols, being not recognized by the 
cross -reactive anti- carbohydrate epitope antibodies (11, 12). 
The method is as follows: (a)NC membrane is sensitized 
and processed as previously described (see Subheading 3.1, 
steps 1-10); (b) NC sheet is washed under agitation 1 min 
in PBST on a shaker; (c) Membrane is washed under agita- 
tion 3 min in acetate buffer (50 mM) pH 4.5; (d) For SMP 
treatment it is necessary to standardize the SMP concentra- 
tion (1-3 mM) in acetate buffer for 60 min, in the dark, 
at RT and prepare it just before use; (e) A brief washing is 
made with 50 mM acetate buffer for 3 min; (f) Add 50 mM 
sodium borohydride (NaBH ) in PBS and incubate for 30 
min at RT, with continuous gentle agitation on a shaker. 
The reagent should be prepared just before use. It should 
be bubbling and if the reagent is excessively hydrated and 
does not bubble, treatment will not work appropriately; (g) 
Wash 3 min with PBS under agitation; (h)Continue the pro- 
cedure as it has been described previously (see Subheading 
3.1, steps 11-16). 



Acknowledgement 



This work has been partially supported by grants N° 
G-2005000387 and F-2005000122 from FONACIT- Venezuela. 
We thank Lie. Cecilia Colmenares for technical assistance. 



References 



Schena, M., Heller, R.A., Theriault, T.P., 
Konrad, K. , Lachenmeier, E . , and Davis,R.W. 
(1998) Microarrays: biotechnology's dis- 
covery platform for functional genomics. 
Trends Biotechnol. 16, 301-306. 

Dunbar, S.A., Vander Zee, C, Oliver, K., 
Karem, K., and Jacobson J. (2003) Quan- 
titative, multiplexed detection of bacterial 
pathogens: DNA and protein applications of 



the Luminex LabMAP™ system. J Microbiol 
Methods. 53, 245-252. 

Noya, O., and Alarcon de Noya, B. (1998) 
The multiple antigen blot assay (MABA): 
a simple immunoenzymatic technique for 
simultaneous screening of multiple antigens. 
Immunol Lett. 63, 53-56. 
Noya, O., Patarroyo, M.E., Guzman,E, and 
Alarcon de Noya, B. (2003) Immunodiag- 



The Multiple Antigen Blot Assay 251 



nosis of parasitic diseases with synthetic pep- 
tides. Curr Protein Pept Sci. 4, 299-308. 

5. Noya,0., Alarcon de Noya,B., Guzman, F., 
and Bermudez, H. (2003) Immunogenicity 
of Sm32 synthetic peptides derived form the 
Schistosoma mansoni adult worm. Immunol 
Lett. 88,211-219. 

6. Chacon,N., Losada,S., Bermudez, H., Cesari, 
I.M., Hoebeke, J., andNoya, 0.(2003) Immu- 
nogenicity of polymerizable synthetic pep- 
tides derived from a vaccine candidate against 
schistosomiasis: the asparaginyl endopeptidase 
(Sm32). Immunol Lett. 88, 199-210. 

7. Wide, A., Capaldo, J., Zerpa, N., Pabon,R., 
Noda,A., Noya,B., et al. (2006) Sharing of 
antigens between Plasmodium falciparum 
and Anopheles albimanus. Rev Inst Med Prop 
S Paulo. 48, 327-332. 

8. Losada, S., Chacon, N., Colmenares, C, 
Bermudez, H., Lorenzo, A., Pointier, J. P., 
et al. (2005) Schistosoma: Cross -reactivity 
and antigenic community among different 
species. Exp Parasitol. Ill, 182-190. 



9. Puccio, F.A., Lynch, N.R., Noya, O., Noda, 
A., Hagel, I., Lopez, E., et al. (2004) 
Importance of including Blomia tropicalis in 
the routine diagnosis of Venezuelan patients 
with persistent allergic symptoms. Allergy 
59, 753-757. 

10. Alarcon de Noya, B., Colmenares, C, 
Lanz, H., Caracciolo, M.A., Losada, S., 
and Noya,0. (2000) Schistosoma mansoni: 
immunodiagnosis is improved by sodium 
metaperiodate which reduces cross-reac- 
tivity due to glycosylated epitopes of 
soluble egg antigen. Exp Parasitol. 95, 
106-112. 

11. van Lenten, L., and Ashwell, G. (1971) 
Studies on the chemical and enzymatic 
modification of glycoproteins. J Biol Chem. 
246, 1889-1894. 

12. Woodward, M., Young, W, and Bloodgood, 
R.A. (1985) Detection of monoclonal anti- 
bodies specific for carbohydrate epitopes 
using periodate oxidation. J Immunol Meth . 
78, 143-153. 



Chapter 27 



Blotting from Immobilized pH Gradient Gels: 
Application to Total Cell Lysates 

Harry Towbin 



Summary 

Isoelectric focusing as used in the first dimension of two-dimensional gel electrophoresis separates protein 
isoforms such as those due to phosphorylation and acetylation. The immunoblotting method described 
here reveals this diversity by a one -dimensional separation. Using commercially available immobilized 
pH gradient plates or strips, the resolved proteins are transferred to PVDF membranes by diffusion and 
are probed with protein specific antibody. The system is useful for monitoring changes of banding pat- 
terns and permits parallel processing of samples. Since the effect of posttranslational modifications on the 
isoelectric point can be predicted, inferring the number and extent of modifications is possible. 

Key words: Isoelectric focusing, Posttranslational modifications, Phosphorylation, Immunoblotting 



1. Introduction 



When looked at closely, proteins both intracellular and secreted, 
display a bewildering number of modifications. Because of the 
importance of posttranslational modifications for regulating 
biological activities of proteins, there is a corresponding effort 
aiming at detecting and monitoring their occurrence. An increas- 
ing number of antibodies are becoming available that allow spe- 
cific detection of modifications on selected proteins, mostly well 
characterized components of signaling cascades. Such antibodies 
are, however, often not available for other proteins. The method 
described in this chapter can be used to detect and track protein 
modifications that lead to alterations of their charge and conse- 
quently of a change of the isoelectric point. Such charge isoforms 
can be separated by isoelectric focusing and are evident from 
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two-dimensional separations where trains of spots are seen that 
are frequently due to different phosphorylation states. Especially 
high resolution is achieved by IEF on immobilized pH gradi- 
ent gels. Although SDS-PAGE is sometimes capable of resolving 
modified proteins, the extent or even direction of the changed 
migration is difficult to predict. 

The IEF blotting method described here was developed for 
monitoring alterations occurring on intracellular proteins that 
require denaturing conditions for extraction and separation (1). 
The method allows sensitive detection and estimation of the rela- 
tive abundance of isoforms with antibodies. The latter is a quan- 
tity that is not easily measured by modification specific reagents. 
Quantification is facilitated by running samples side by side under 
the same conditions. In principle, similar information can be 
obtained from two-dimensional separations by running a series 
of westerns. Results from such experiments are, however, diffi- 
cult to quantify because of unavoidable technical variability. The 
separation method used here is very similar to the first dimen- 
sion of two-dimensional separation systems (2, 3). It uses com- 
mercially available precast gels and allows direct comparison with 
two-dimensional separations. Transfer from the plastic supported 
gels is achieved by diffusion blotting. 



2. Materials 



1. IPG plates (immobilized pH gradient gels) Immobiline Dry- 
Plates (GE Healthcare or other manufacturers) or immobi- 
lized pH gradient strips (see Note 1). Various pH ranges are 
available. 

2. R-Buffer (4): 4% CHAPS, 7 M urea, 2 M thiourea, 10 mg/ 
mL dithiothreitol, and 1% carrier ampholytes (pH 3-10) 
(Pharmalytes; Amersham Pharmacia Biotech, Uppsala, Sweden), 
0.02 mg/mL bromophenol blue. Store at -80°C. 

3. Reswelling buffer: R- buffer without carrier ampholytes and 
without bromophenol blue. Store at -80°C. 

4. TCA fixative: 12% trichloroacetic acid, 3.5% sulfosalicylic 
acid. 

5. Multiphor II Electrophoresis System (GE Healthcare). 

6. Sample applicator for IEF (see Note 2). 

7. Transfer buffer: 4 M guanidinium chloride, 0.05 M Tris-HCl 
pH 8, 1 mg/mL DTT (added shortly before use). 

8. Filter paper e.g. Whatman IChr, Cat. No. 3001917. 

9. Polyvinylidene difluoride (PVDF) membrane. 
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3. Methods 



3. 1. Preparation 
of Extracts 



1. Collect cells by centrifugation, wash once with PBS, suspend 
the pellet, transfer into a tared microcentrifuge tube, centri- 
fuge once more and remove as much of the supernate as pos- 
sible (see Note 3). Estimate the volume by weighing and add 
R- buffer corresponding to five volumes of the cell pellet, sus- 
pend and leave on ice for about 1 h. Centrifuge at 1,000 g for 
15 min in the cold. Store the sample at -80°C. Protein con- 
centration may be determined by a Coomassie binding assay 
(5) (see Note 4). Protein concentrations are in the range of 
3-10 mg/mL. 



3.2. Isoelectric 
Focusing on IEF 
Immobiline Plates 



1. Reswelling polyacrylamide sheets in R- buffer devoid of ampho- 
lines (see Note 5): The procedure is otherwise according to 
instructions of the manufacturer. Cut required size if only part 
of a sheet is used, and mark the polarity of the pH- gradient by 
cutting off a corner from the sheet. Place the volume of buffer 
required for the sheet in the reswelling tray and place the sheet 
face down on the liquid. Avoid trapping air bubbles and spilling 
of buffer over the top side of the sheet. Leave overnight at room 
temperature in a box containing wet paper towels for achieving 
a water- saturated atmosphere. Instead of Immobiline plates, it is 
also possible to use individual IEF strips (see Note 1). 

2. Place about 2 mL of kerosene on the cooling stage of the 
Multiphor apparatus and position the IPG plate paying atten- 
tion to match the IPG plate to the required polarity of the 
electrodes. Remove excess buffer with a filter paper (provided 
for that purpose by the manufacturer). Position electrode fil- 
ter paper strips and sample applicator on the gel surface (about 
2 cm from the anode). The position may vary according to the 
proteins of interest. 

3. Using a micropipette apply the samples (1 uL or up to 4 uL 
for the larger sample comb), which will be held by capillary 
force underneath the indentations (see Note 6). 

4. Running conditions: 15°C, from 0to300Vin30 min, then 
to 900 V in 9 h, keeping at 900 V for 6 h, raising to 3,500 V 
within 1 h, keep at 3,500 V for a final 4 h. The entire run takes 
20 h with an accumulated Volt-hour product of ~27,000 Vh. 
We avoided focusing at the highest voltages without attention. 
Adhere to the safety instructions of the IEF manufacturer. 
Depending on the pH range and type of protein, different 
focusing conditions may be needed. 



3.3. Transfer to PVDF 
Membrane 



1. Incubate the gel with TCA fixative for 1 h. Wash three times 
with water, 10 min each (see Note 7). 
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Fig. 1 . Setup used for diffusion transfer from plastic backed Immobiline DryPlates. 



3.4. Visualization of 
Total Protein Pattern 
(Optional) 



2. Cut a piece of PVDF to the size of the gel, moisten it by soak- 
ing in ethanol followed by washing in water. 

3. Prepare 10 pieces of filter paper (e.g., Whatman IChr, Cat. No. 
3001917), 1 cm larger than the membrane, and soak in transfer 
buffer (about 35 mL is required for half a gel, ~13 x 13 cm 2 ). 

4. Assemble the sandwich by placing the gel on a glass plate, 
followed by the PVDF membrane, and a stack of filter papers 
soaked in the transfer buffer. Overall thickness of the paper 
stack will be about 2 mm. Wrap the assembly with a plastic 
foil to prevent drying out and cover with glass plate (Fig. 1). 
Ensure good contact by compressing with a heavy object and 
leave overnight at room temperature. 

5 . Wash the membrane with water to remove guanidinium chloride. 

6. At this stage, the membrane is processed like any western blot. 

To assess any disturbances or differences between samples, we 
find it useful to visualize and photograph the total protein pat- 
tern on the PVDF membrane using stains that are compatible 
with subsequent immunostaining (e.g., SyproRuby). Also, if 
needed, IEF standards may be added in adjacent lanes and thus 
be visualized on the membrane. 



3.5. Interpretation 



It is useful to judge whether an assumed modification can account 
for the observed shift of the isoelectric point of the protein under 
investigation. Thus, for proteins with known amino acid com- 
position, the isoelectric point can be predicted (6). The effect of 
phosphorylation can also be calculated (7). For acetylation on 
lysine groups, it is possible to simply omit one lysine from the 
sequence before computation of the pi. Similarly, other modifi- 
cations may be incorporated by considering their effect on the 
charge of the protein. Figure 2 shows an example of an applica- 
tion of the IEF blotting method. 
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Fig. 2. Example of an IEF blotting experiment with extracts from rat peripheral blood white blood cells. The protein extract 
loaded (4 \\l) corresponds to cells obtained from 80 |jl_ of blood. The separation was carried out on Immobiline plates 
pH range 4.5-5.4. Transfer to PVDF membranes was achieved by diffusion blotting. An antibody against 14-3-3gamma 
protein detects two bands in untreated animals and three bands in animals that had been treated with bengamide. 
This compound inhibits methionine aminopeptidase (8). As a consequence, acetylation of the penultimate N-terminal 
aminoacid is also inhibited and a slightly more basic protein accumulates. The position of normal acetylated protein is 
marked as "a," the unprocessed form as "b." The nature of the intermediate form is not known. A: untreated; B, C, and 
D: animals treated with increasing doses of bengamide. 



4. Notes 



1. Instead of Immobiline DryPlates, individual strips may also be 
used. Here, the procedures for the first dimension of 2D elec- 
trophoresis are closely adhered to. Thus, reswelling of the gel 
strips proceeds in the presence of the sample, thereby allow- 
ing application of higher sample volumes. After electrophore- 
sis, the strips are processed exactly as described for the plates. 
For the blotting step, the strips can be arranged side by side. 
A large choice of strips covering wide and narrow pH ranges is 
commercially available. For strips, an electrophoretic transfer 
method, which requires removal of plastic backings, has been 
described (9). 

2 . The applicator comb may be built by cutting a disposable appli- 
cator intended for the Phast Gel™ system (PhastGel™ Sample 
Applicators, 8x of 1 uL or 6x of 4 uL, Cat. No. 18-1618-01 
or 18-0012-29, respectively). The comb needs to be cut hori- 
zontally to fit to the limited height available on the Multiphor 
II. A rectangular piece of the plastic material is glued to one 
end of the comb with a drop of dichloromethane (this solvent 
is toxic and irritant, work under a fume hood) (see Fig. 3). 

3 . It is important to keep the salt concentration as low as possible 
as high conductivity leads to disturbances during running. 

4. We find it convenient to carry the assay out in 96-well micro - 
titer plate by adding 0.5 and 1 uL of the sample to 10 uL 
water and then adding 150 uL prediluted Bradford reagent to 
the wells. This amount of R- buffer is tolerated in this assay. 

5. We found that ampholines at the relatively high concentra- 
tions used for focusing as well as CHAPS have a tendency 
to bind to the blotting membrane. Hydrophilic proteins may 
poorly bind in the presence of these components. 
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Fig. 3. T-shaped sample applicator. 



6. Other methods of sample application may also be useful, such 
as cup loading or paper pieces. 

7. This step serves to wash out CHAPS, which interferes with 
adsorption of many proteins. Large or hydrophobic proteins 
may not require the fixation and CHAPS washout step, one 
example being tubulins (1). If IEF blotting is to be carried 
out repeatedly, it is worthwhile to test simplified transfer 
procedures. 
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Chapter 28 



Immunoprecipitation-Western Blot for Proteins 
of Low Abundance 

Edward P. Trieu, Joanne K. Gross, and Ira N. Targoff 



Summary 

Combining the procedures of immunoprecipitation and immunoblotting can help to overcome some 
of the limitations of each separate procedure. Immunoblotting can identify immunoprecipitated 
proteins more specifically and with higher sensitivity than nonspecific protein stains or autoradiography 
Immunoprecipitation can enrich proteins of interest to improve sensitivity for detection when compared 
with immunoblotting of whole cell extracts. Recently, immunoprecipitation- blotting helped to characterize 
a new autoantibody, anti-pl55, and to test for the presence of the autoantibody in patient sera to study 
its clinical associations. The procedure for immunoprecipitation- blotting, with specific reference to this 
autoantibody test ("reverse" immunoprecpitation- blotting), is reported here in detail. 

Key words: Immunoprecipitation, Immunoblot (western blot), Autoantibody, Autoantigen, 
Dimethyl pimelimidate 



1. Introduction 



Immunoprecipitation has been a useful method for purification of 
specific proteins and protein complexes from cell extracts or other 
mixtures, and has been used extensively to characterize autoantigens 
and autoantibodies in autoimmune diseases. Usually the analy- 
ses of the immunoprecipitated material is by gel electrophoresis, 
but sometimes, more specificity is required. For autoantibodies, 
although the band pattern by electrophoresis is often enough to 
determine identity between the autoantibodies in different sera, 
this band pattern may not be specific, particularly when only a 
single protein band is immunoprecipitated. 
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Combining immunoprecipitation with immunoblotting can 
often solve these problems. It can provide greater specificity for 
protein identification, and, by using different sera for immu- 
noprecipitation and blotting, can help determine immunologic 
identity. Immunoblotting can also help identify the antigenic 
protein within an immunoprecpitated multi -protein complex. 
The high sensitivity of immunoblots can also enhance the sen- 
sitivity of detection of immunoprecipitated proteins, particularly 
when present in complex mixtures or crude extracts. In turn, 
immunoblotting of immunoprecipitates can solve some of the 
problems that arise with immunoblotting of crude extracts. 
It can often enhance detection and recognition of low- abundance 
protein. For autoantibodies, it can improve the sensitivity and 
specificity of autoantibody recognition when compared with 
immunoblotting of whole extract. 

The method we describe here facilitates the detection of 
low- abundance proteins, and increases the ability to detect anti- 
bodies to these proteins in a specific manner. For autoantibody 
testing, immunoprecipitation is used to enrich the low- abundance 
proteins, which can then be electrophoresed, transferred, and 
used to test other sera for autoantibodies to these proteins. 
Some autoantibodies do not recognize denatured antigens, a 
limitation that can be overcome by reversing this approach. For 
reverse immunoprecipitation- blotting, immunoprecipitates are 
prepared using the test sera, and blotted with known positive 
reference sera. The use of this method for detection of a recently 
described autoantibody found in patients with dermatomyositis, 
anti-pl55, is used as an example. Immunoprecipitation- western 
blots could be used to detect pi 5 5 autoantibody even in sera 
that could not recognize the denatured form of pi 5 5 antigen 
after electrophoresis and western blotting (see Figs. 1 and 2) 
(1). Thus, immunoprecipitation-western blot is a basic tool to 
provide useful data about a new antibody that other methods 
could not. 

This procedure consisted of five different stages: 
1. Preparation of antibody-protein A gel: The antibody is 
allowed to bind to protein A by incubating the antibody 
with protein A gel. After incubation, the column is washed with 
buffer to wash away the unbound proteins. The antibody is 
cross -linked to the protein A gel with a cross -linking solu- 
tion to avoid IgG contaminating the eluate (2). Following 
cross-linking, block the remaining unbound sites with an 
amine group from a chemical such as Tris or Glycine. Next, 
a mild eluting agent removes the unbound antibodies that 
remain. Then, equilibrate the column with antigen- binding 
buffer. 
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Fig. 1. Before proceeding to the immunoprecipitation-western blot, 13 anti-p155 
autoantibody- positive sera (lanes 1-13} were screened by an immunoprecipitation of 
S35-labeled Hela cell extract. This is an autoradiograph of the polyacrylamide gel elec- 
trophoresis of the immunoprecipitates. Lanes 1-13 were sera that precipitated a similar 
appearing protein to that of the prototype sera, p155-1 and p155-3; however, several 
sera show additional coexistent autoantibodies in the same region. To identify positively 
the p155 band, the sera are next screened with the immunoprecipitation western blot. 
Control autoantibodies used in the other lanes were Mi-2, PM-Scl, Jo-Ro-La, and Sm. 
Normal is serum from a normal subject. The numbers on the left side of the gel are 
molecular weight markers in kDa (reproduced from (1) with permission from John Wiley 
& Sons). 



2. Immunoprecipitation: Incubate the cell extract with the anti- 
body-protein A gel. The antibody immunoprecipitates the 
antigen then the washes from the buffer remove the unbound 
proteins. After washing, eluted protein from the beads with 
SDS sample buffer is the purified antigen. 

3. Gel electrophoresis ofimmunoprecipitate: Run the purified anti- 
gen on SDS PAGE to resolve the proteins according to size by 
the Laemmli method. 

4. Western blot: The antigen separated via discontinuous SDS 
PAGE is electrophoretically transferred onto a nitrocellulose 
membrane (3). 

5 . Antibody detection: Cut the nitrocellulose paper with purified 
antigen into strips to develop with different sera for the detec- 
tion of antibody. 
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Fig. 2. Results from a typical immunoprecipitation-western blot. Immunoprecipitates were prepared from the six sera 
listed across the top, separated via electrophoresis and transferred to nitrocellulose. The sera as indicated on the figure 
blotted each of the 30 lanes. In this experiment, the immunoprecipitates were the immunoprecipitation of test serums 
and the sera in the blotting phase were the reference sera. The result shows that the three anti-p1 55-positive sera, 
p155-1, p155-2, and p155-3, recognized the native form of p155 antigen, precipitated it and p155-1 reference serum 
detected it on the blot. In the antibody development panel, p1 55-1 blots the first strip in each set and it stained the p1 55 
band with all three p1 55-positive sera. The second strip in each set, stained with the serum used for immunoprecipita- 
tion. P155-1 and p155-2 recognized the denatured form of the antigen but p155-3 did not (1). Thus, this "reverse" 
immunoprecipitation-blotting procedure allowed the detection of the anti-p155 antibody in serum p155-3, whereas 
direct immunoprecipitation-western blotting (immunoprecipitation using reference serum and blotting using test serum) 
would not have detected this antibody. Thus, the serum used in the blotting phase must be able to recognize the dena- 
tured form of the antigen. The control sera PM-Scl, NL-1 , and NL-2 were all negative for p1 55 antigen (reproduced from 
(1) with permission from John Wiley & Sons). 

2. Materials 



2. 1. Preparation of 
Antibody-Protein A Gel 



1. Protein A sepharose or agarose (GE Healthcare, Sweden). 

2. Micro Bio-Spin Chromatography Columns, caps, and tip 
enclosures (Bio-Rad, Hercules, CA, USA). 

3. Sera or monoclonal antibodies: Mouse IgG subclass 2a, 2b, 
and 3 can bind to protein A but they are weak. Protein G can 
bind to all mouse IgG sub class 1-3. 

4. Antibody- Binding Buffer (ABB): 0.2 M triethanolamine, pH 
8.9, 0.5 M NaCl. Store at 4°C. 

5. Cross-linking solution: 30 mg/mL of dimethyl pimelimidate 
(DMP, Sigma Chemical Co, St. Louis, MO, USA) in anti- 
body binding buffer. Store DMP at 4°C or lower since it is 
unstable and hygroscopic. Prepare the solution immediately 
before use. 

6. Quenching buffer: 0.1 M Tris, pH 8.5, 0.5 M NaCl. Store at 

4°C. 
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2.2. Immunopreci- 
pitation 



2.3. Gel 

Electrophoresis of 
Immunoprecipitate 

2.4. Western Blot 



2.5. Antibody 
Development 



7. Unbound antibody elution solution: 1.0 M acetic acid, 0.15 
M NaCl. Store at RT. 

8. Immunoprecipitation buffer (IPP): 10 mM Tris, pH 8.0, 0.5 
M NaCl, 0.1% NP-40 or Igepal CA-630 (Sigma). Store at 

4°C. 

9. 8 -Channel Nunc-Immuno* washer (Fisher Scientific) 
(see Note 1). 

10. Sonicator (Ultra Sonic Processor). 

1. K562 cell culture pellets in log phase stored frozen at -80°C 
in 15 mL conical tubes. 

2. SDS sample buffer: 10 mM Tris, pH 6.8, 10% glycerol, 2% 
SDS, 0.01% bromphenol blue, 1% mercaptoethanol. Store 
frozen at -20°C (see Note 2). 

3. 4x stacking buffer: 0.5 M Tris -H CI, pH 6.8. Stored frozen 
at -20° C in 50 mL aliquots. 

1. Protean II xi gel apparatus from Bio-Rad, 16 cm glass plates, 
2 5 -well combs, and 1.5 mm spacers. 



1. Trans-Blot cell (Bio-Rad). 

2. A small power supply with a current up to 450 mA. 

3. Refrigerated circulator (Fisher Scientific, Dallas, TX, USA), 
or alternatively a refrigerator with an electrical outlet inside. 

4. Filter paper (Whatman 3MM). 

5. Nitrocellulose sheets with 0.2 |Lim spore size. (Fisher; Bio- 
Rad). 

6. Pre -cut cellophane sheet (Bio-Rad). 

7. Protein transfer buffer: 25 mM Tris, 192 mM glycine, 20% 
methanol, (pH 8.3). Methanol is very dangerous. Read 
MSDS before using it. 

1. Mini incubation trays (Bio-Rad). 

2. Antibody development panel: 

a. Sera to be used for immunoprecipitation, including "test" 
or positive sera and "control" sera. 

b. Sera to be used for blotting, including "test" or "positive" 
sera and "control" sera. 

c. Control sera can include those with antibodies to other 
antigens and normal sera. 

3. Nitro Blue Tetrazolium, (NBT) (Sigma): 50 mg/mL in 70% 
dimethylformamide (DMF). Light sensitive. To avoid loss of 
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activity prepare in a small amount. Store at 4°C to -20°C in 
a dark bottle. 

4. 5-5-Bromo-4-Chloro-3Tndolyl Phosphate, (BCIP), (Sigma): 
25 mg/mL in DMF. Light and temperature sensitive. Store at 
-20°C in a dark bottle. 

5. Alkaline phosphatase (AP) buffer: 100 mM Tris-HCl, pH 
9.5, 100 mM NaCl and 5 mM MgCl 2 (MgCl 2 is optional 
and tends to precipitate). 

6. AP substrate solution: Add 15 \iL from each of NBT and 
BCIP for every 5 mL AP buffer. Use within 1 h and discard 
any unused solution. 

7. High-precision stainless steel forceps. (Sigma; Fisher Scien- 
tific). 

8. Scalpel handles No. 3 and Scalpel blade No. 10 (Sigma). 

9. Nalgene reusable plastic utility box, dimension: 71/2 x 6 x 
11/2 inches, (Fisher). 

10. Colloidal gold staining solution (Bio-Rad). 

11. Rolling ruler, 12 in., part No. 961-812 (Staedtler). 

12. lOx TBST: 0.1 M Tris-HCl, pH 7.4, 1.5 M NaCl, 0.5% 
Tween-20. 

13. Instant Nonfat Dry Milk: To rehydrate the powder com- 
pletely, warm up the mixture of milk powder and TBST to 
3 7° C in a warm water bath for 10-20 min before use or leave 
it at 4°C overnight. 

14. Fast Green FCF (Fisher Scientific): 0.2% in 20% methanol, 
10% acetic acid. 

15. White tulle from fabric or craft stores or Spectra/Mesh 
woven nylon filters (Spectrum Laboratories, Inc, Rancho 
Dominguez, CA, USA). 



3. Methods 



3. 1. Preparation of 
Antibody-Protein A Gel 

3. 1. 1. Monoclonal Antibody 
or Sera for a Gel Protocol 



For column with monoclonal antibody: Measure the amount 
of antibody available to add to protein A gel. To get an opti- 
mal amount of monoclonal antibody, first use 100-200 |Lig 
of mouse monoclonal IgG of subclass 2a, 2b or 3 per col- 
umn. Usually one milliliter of protein A gel can bind 20^0 mg 
of IgG. 

For column with human serum: The amount of each 
serum used for preparation of column is 25-50 |LiL based 
on estimated 15-20 mg of IgG per milliliter of human 
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3. 1.2. Equilibration 
of Protein A-Sepharose 
orAgarose 



3.1.3. Preparation of 
Antibody-Protein 
A-Sepharose orAgarose 



serum of which specific antibody of interest is very little. 
For one gel, we recommend preparing 12 protein A col- 
umns simultaneously. The control sera usually include at 
least one that is positive for the antibody of interest and 
one that is normal or negative, and often sera with other 
antibodies that are positive. 

1 . Reconstitution of protein A gel may be necessary. The gel 
can be reconstituted with ABB buffer before use. For 12 
columns add 0.3 g protein A gel to 10 mL of ABB. Usually 
1 mL of preswelled gel consists of 0.2 g dry beads. 

2. Cap, vortex, and mix on a rotator for 5 min. 

3. Centrifuge at low speed about 500 x g without brake. 

4. Wash beads one time with ABB to remove preservatives that 
prevent antibody binding. 

5. Aspirate the buffer to gel level. Add exactly the amount of 
ABB to equal the amount of gel to make a 1:1 ratio. 

1. To each Micro Bio-Spin Column add 50 or 100 |LiL of pro- 
tein A gel from step 5 above (see Note 3). 

2. Add 25 or 50 |LiL of each serum into the columns (see 
Note 4). 

3. Add 25 or 50 \iL of ABB to the columns for a better suspen- 
sion. 

4. Cap and place on a rotator for 20 min at RT. 

5. After 20 min, the binding to protein A gel is complete. To 
bring all the beads to the bottom of the column, add 0.9 mL 
of ABB to each of the column, cap, invert to mix and cen- 
trifuge. After centrifuging, remove the lids and snap off the 
column tips. If no manifold is available, put the columns into 
a 2 mL 96 deep well plate or put the columns into tubes (13 
x 100 mm) in a rack to keep the columns upright for wash- 
ing. Wash the beads thrice with ABB (see Note 5). Remove 
and put back the tip enclosures on the columns after the 
washing. 

6. Add 100 (LiL of fresh cross-linking solution. 

7. Shake the columns horizontally to mix. Let them sit for 15 
min with momentary shaking. 

8. Add 200 |LiL of blocking solution. 

9. Cap and place on a rotator for 10 min at RT. 

10. Wash the columns with IPP buffer twice and add 300-400 
(LiL of elution buffer. 

1 1 . Wash columns with IPP buffer thrice or more to remove any 
trace of acetic acid and the columns are ready for the next step. 
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3.2. Immunopreci- 
pitation 



1. Estimate the volume of K562 frozen cell pellet to make 
the cell extract. The volume of dry cell pellet necessary per 
column is roughly equal from one to one and a half volume 
of serum loaded on the protein A column (e.g., for 12 col- 
umns which were loaded with 50 |LiL sera one would need 
0.6-0.9 mL of pelleted cells (see Note 6). 

2 . Take the cell pellet out of the freezer and add PMSF for a 
final concentration of 1 mM. Allow it to thaw in a beaker 
of water at RT. Vortex to loosen the pellet/s and to speed 
thawing. 

3. Add six volumes of thawed cell pellet with lysis buffer (0.3% 
NP-40 and 1 mM PMSF in IPP buffer) and vortex to mix. 

4. Sonicate the cells in a beaker with ice and water at power 
of 30W 6 times with 20 s sonication and 10 s rests between 
each sonication. 

5. Transfer the cell extract into an ultracentrifuge tube or micro- 
centrifuge tubes. Centrifuge at 10,000 x g for 20 min. Pour 
cell extract into a new tube and discard the cell debris pellet. 

6. Remove tip enclosures from columns to let IPP buffer come 
down to gel level. 

7. Put the tip enclosures back on the columns, and then add 
six column volumes of cell extract. If 25 |LiL of serum is used 
then add 150-200 |LiL of cell extract; if 50 \iL of serum is 
used then add 300-400 |LiL of cell extract to each column. 

8. Put columns on a rotator and incubate them for 3 h at 4°C. 

9. When incubation is complete, wash the beads lOx with ice- 
cold IPP buffer. 

10. Wash each column with 1 mL of ice cold 50 mM Tris, pH 
6.8 (from 1/10 dilution of stacking buffer). 

11. Remove the micro -columns from the manifold and put into 
2 mL microfuge tubes. Spin briefly to remove remaining 
water. 

12. Transfer columns to new-labeled 1.5 mL tubes. 

13. To each column, add a volume of SDS sample buffer equal 
to the original volume of serum used to make the column. If 
25 |LiL of serum is used, add 25 |LiL of sample buffer. If 50 |LiL 
of serum is used, then add 50 \iL of sample buffer. 

14. Centrifuge briefly, about 20 s. 

15. Add into each column a second volume of SDS sample buffer 
(the same volume as the first) to remove remaining proteins 
still in the beads. 

16. Cap tubes, heat denature samples at 95°C for 5 min to inacti- 
vate proteinases (^^Note 7). Store samples at -20 to -80°C 
until gel electrophoresis. 
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3.3. Gel Electrophore- 
sis of Immuno- 
precipitate 



1. Prepare a discontinuous 7% polyacrylamide SDS gel, 3.3% C 
with 25-well comb, 1.5 mm thick spacer. The procedure is 
based on the Laemmli method (4) but with some modifica- 
tions: The pH of running gel buffer was 8.7 for better separa- 
tion of proteins because the gel runs a little bit slower. The 
stacking gel was 3.9% with pH 6.8. Cover the top with Para- 
film and leave it overnight at RT. 

2. The next day remove the comb. Combine two wells by remov- 
ing one gel finger (well wall) in between every two wells to 
make the lanes wider (see Note 8). To remove a gel finger, 
insert two strips of plastic (see Note 9) on either side of a gel 
finger, close the end to cut and pull it up. Leave the last well 
for the molecular weight markers. 

3. Heat- denature the samples again at 95°C for 5 min to remove 
disulfide bonds that may form during freezing (optional). 

4. Load the samples and molecular weight markers into the gel 
(see Note 10). 

Check manufacturer's instruction for the best current setting 
for the gel apparatus. In general, with Protean II xi, start the 
current at 26 mA per gel and adjust it up to 32 mA per gel when 
the blue dye enters the running gel. Turn off current when the 
blue dye comes down to 2-3 cm from the bottom of gel. 



3.4. Western Blot 



1. Before gel electrophoresis is complete, make up the transfer 
buffer. Degas to remove bubbles that may have formed from 
reaction of methanol with water. 

2. Remove clamps from gel assembly. Separate the two glass 
plates. Leave gel on one glass plate. Cut off the stacking gel. 
Mark the gel for orientation, for example, by cutting off a 
small piece of corner of the molecular weight marker lane 
without cutting into the sample lanes. 

3. Cut a piece of nitrocellulose paper and two pieces of 3MM 
filter paper. The nitrocellulose paper should be 5-10 mm big- 
ger than the size of the gel. 

4. Pour some transfer buffer into another container and put one of 
the 3MM filter paper into the tray. Push it down to the bottom 
of the container. Put nitrocellulose paper into the transfer buffer. 
Start from one corner of membrane onto the surface of the solu- 
tion. Let the nitrocellulose membrane absorb buffer and then 
gradually lay the whole piece down. Orient nitrocellulose paper 
onto the center of the first filter paper (see Note 11). 

5 . Invert the glass plate and drop the gel into tray. Put the gel with 
molecular weight markers side (a corner was marked with a cut) 
to the left. Now the gel is on the middle of the nitrocellulose 
paper with 3MM filter paper at the bottom. Put a second 3MM 
filter paper on top of gel with a cut on one corner to recognize the 
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gel side. Remove any bubbles below the second filter paper. 
Align the filter papers on top of each other. 

6. Place the whole gel sandwich onto a glass plate with the 
nitrocellulose paper side up. 

7. Using a roller or a long tube, lightly roll out any excess water 
or bubbles between the gel and nitrocellulose paper. Repeat 
a few times (see Note 12). 

8 . Transfer gel sandwich with membrane side toward the anode 
(clear or red). Assemble with Scotch Brite pad supports on 
both sides of the Trans-Blot cassette. 

9. Close the cassette and put it into a slot of Trans-Blot cell that 
holds the cassette (see Note 13). 

10. Pour transfer buffer into Trans -Blot cell to cover the gel 
inside the cassette. Put the cover with the leads on and con- 
nect them to power supply. 

11. Set the current at 200 mA. 

12. Transfer the protein overnight at 4°C about 16-22 h in a 
cold room or using refrigerated circulator (see Note 14). 
Transfer at 4° C in a refrigerator is much more heat transfer 
effective than using a refrigerated circulator. 

3.5. Antibody \ Turn off the power when the protein transfer is complete. 

Development Remove the leads that connect to power supply. Take out 

protein transfer cassette and put it onto a tray. 

2 . Remove membrane from gel and filter papers with fine point 
forceps. 

3. Stain with Fast Green solution. 

4. Destain with ddH 2 0. 

5. When destaining is complete, air-dry the membrane on a 
large Kim wipe until completely dry. The drying of the mem- 
brane could reduce the background (4). 

6. Wet the membrane with ddH 2 0. 

7. Put the membrane on a clean glass plate, use a sharp scalpel 
on a handle and trim off excess nitrocellulose paper with a 
ruler. 

8. It may be necessary to use background rather than the pro- 
tein of interest itself to identify the lanes, since the latter may 
not be visible. 

9. Set up to cut the membrane into strips: Lay the membrane 
on a clean glass plate. Make sure the membrane is always 
wet. Put a rolling ruler on the membrane with a cutting strip 
template underneath the glass plate. The line guide to cut 
the strips should be visible through both top and bottom 
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of membrane. The strip template should be wide enough 
within or inside the protein lane. 

10. After cutting the nitrocellulose membrane into strips and 
putting into the wells of the mini incubation trays, add 
ddH 2 into the wells. Put the lane with molecular weight 
markers into a separate container with ddH 2 0. 

11. Set up washing devices: Prepare lx TBST and pour it into a 
bottle. Use one of the ports on the 8 -channel multi-well plate 
washer/dispenser manifold to dispense the TBST buffer and 
the second port to aspirate the buffer with vacuum. Adjust the 
amount of washing buffer from a syringe that connects to a 
port with a three-way Luer stop cock to switch from dispens- 
ing to loading of buffer or vice versa. Manifold tips will con- 
tact the membrane strips and leave marks on them. To avoid 
the marks of needles on the strips, cover the tips of manifold 
with some silicone tubing size 18 GA extended out from the 
needle about 1-2 mm. 

12. Destain Fast green on membrane strips with 1 mL of 2 mM 
NaOH. Destain the molecular weight marker lane with 
10-20 mL. Put them on the shaker for a few min. 

1 3 . Block the molecular weight markers strip with 0.3% Tween-20 
for 1 h at RT. Wash with ddH 2 and add enough colloidal 
gold staining solution to cover the strip. Put on shaker for a 
few h or overnight at 4°C. When staining is complete keep it 
in ddH 2 until antibody development is finished. Colloidal 
gold stain is as sensitive as silver stain and it does not shrink 
the membrane (5). Reuse the colloidal gold staining solution 
until it is exhausted. 

14. When most of Fast Green comes off from membrane strips, 
aspirate 2 mM NaOH. Remaining small amount of Fast 
Green will come off at the end of development. Add into 
each well 1 mL of blot blocking solution at 37°C. 

15. Block the membranes with 5% instant nonfat dry milk in TBST 
on a shaker for 1-3 h at 22-37°C or at 4°C overnight (6). 

16. Add primary antibodies for blotting (see Subheading 2.5, 
item 2). Dilute the serum 1/100 in blocking solution by 
adding 5 |LiL of each antibody panel serum into each well 
of mini incubation tray that contain 0.5 mL of 1% instant 
nonfat dry milk in TBST with membrane strip (7). An eight 
multichannel pipettor will shorten the time of adding anti- 
body panel sera except the serum used to prepare column. 

17. Incubate first antibody on shaker at 4°C overnight or at least 8 h. 

18. When first antibody incubation time is over, put mini incu- 
bation trays on a tray large enough for one set of 12 mini 
incubation trays or less. To aspirate the buffer, raise one side 
of tray with an object. 
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19. Wash the membrane strips with TBST thrice (5-10 min each 
on shaker at RT to allow antibodies inside of membrane to 
equilibrate with the buffer outside). 

20. Add second antibody in 5% milk blocking solution. 

21. Incubate second antibody on shaker at 4°C overnight or at 
least 8 h. 

22. Wash membrane strips with TBST thrice (5-10 min for each 
wash on a shaker at RT). 

23. Set up to develop the strips with substrate solution (^Note 
15). Place on bench top in this order: 

a. A piece of steel or stainless steel sheet larger than the 
membrane size. 

b. A piece of saran wrap large enough to cover the inside of 
Nalgene Reusable Plastic Utility Box. 

c. A piece of nylon filter or white tulle about the same size 
with a piece of steel or stainless steel (see Fig. 3). Wet the 
nylon filter or white tulle with TBST. 

24. Aspirate the wash buffer inside the incubation trays. 

25. Transfer the strips on the incubation trays with fine tip for- 
ceps onto the wetted nylon filter or white tulle according to 
their original order of lane number. Use fingers to move the 
strips next to each other to make room for the next strips. 



Magnetic circles 
(Vertical view) 




Magnetic steel bar 
(Horizontal view) 




Nylon filter or tulle 
Membrane strips 



Nylon filter or tulle 



Saran wrap 



Stainless steel sheet 



Utility box 




Fig. 3. The membrane strips sandwich used in substrate development. 
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26. Using two rulers, align the top and bottom of strips to line 
them straight. 

Cover the membranes with a second nylon filter or white 
tulle. 

Put on each top and bottom edge of membrane a stainless 
steel bar or plastic bar with two pieces of super magnet 
circles attached on either side (see Fig. 4). 

Put the whole set up of membrane sandwich between two 
pieces of nylon filter or white tulles on stainless steel sheet 
into a Nalgene Reusable Plastic Utility Box. 

30. Prepare 50 ml of the alkaline phosphatase substrate solution 
and pour it into the utility box that contains the membrane 
strips. 

31 . Color changes rapidly. Stop the reaction with dH 2 before it 
becomes too dark. After development is complete, scan the 
membrane strips for analysis. 

32. Often things turn out wrong unexpectedly (see Note 16 for 
trouble shooting western blot results). 




Fig. 4. A homemade device secures the membrane strips together and facilitates the development of all strips simultane- 
ously in one tray: (1). Make two strong magnetic circles (The Magnetic Source) and permanently attach by glue or screw 
on either side of a piece of plastic or metal bar. (2) Cut a piece of stainless steel sheet 1 -mm thick about the size of the 
inside development tray (5% x 6 inches). Round off the corners and smooth out the rough edges to avoid cuts. (3) Two 
pieces of nylon filter or white tulle (5x6 inches) aid in holding the membrane strips together and in order, while letting 
the substrate solution go through during development. 
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4. Notes 



1. Lock the tips of an 8 -channel Nunc-immuno* Washer 
to fit the pattern of columns on a vacuum manifold. The ports 
of dispenser manifolds come in different gauges. Sometimes it 
will be possible to use the rubber cover of a Vacutainer needle 
to plug some of the ports. Other times it may be necessary to 
insert thin walled plastic tubing (18 GA) into the rubber cov- 
ers for a tight fit. 

2. SDS sample buffer usually contains bromophenol blue (BPB) 
to aid sample visualization when loading and running the gel. 
A small amount of this dye in the sample buffer will not affect 
protein migration during gel electrophoresis, but it may affect it 
if there is too much. The amount of BPB can be reduced from 
0.05% to 0.01% for better gel electrophoresis separation. 

3. Protein A-sepharose or agarose beads equilibrated 1:1 with 
another buffer, such as immunoprecipitation buffer, is an 
option since there are three washes of antibody- binding buffer 
that would remove any buffers that might interfere with the 
cross -linking reaction. Allow the wash buffer to come down 
to the gel level before adding new buffer. 

4. If there is precipitate present in the serum, centrifuge it at 
10,000 x g for 5 min. Avoid pipetting the pellet or lipid. 

5 . If there are many columns to wash, use a vacuum manifold 
in conjunction with a dispenser manifold. When a column is 
attached to a manifold, the water comes down into the mani- 
fold tubing by gravity. The weight of water inside the tubing 
creates a vacuum; therefore, if the tubing is longer, the vacuum 
is greater. Conveniently, capillary action inside the tubing will 
prevent the column from running dry. A homemade manifold 
can be made from any source, such as any polyethylene micro 
test tube or 4 mm syringe filter that can attach to a column. 

6. Our lab keeps a stock of frozen cell pellets at -70°C and rou- 
tinely uses pliers to pool frozen cell pellets by squeezing from 
one end of a 15 mL tube. 

7. Microwaving the samples for 90 s is a quick way of heat 
denaturing the samples (8). Sample volumes less than 100 
|LiL will not boil or explode while microwaving. Sample vol- 
umes greater than 150 |LiL or more require a test run in the 
microwave first with sample buffer to avoid sample loss. This 
technique is not recommended for samples having high salt 
content, concentrated samples from a large sample volume or 
samples containing a lot of glycerol because when microwaved 
they can be unstable. Tubes should be uncapped. 

8 . Cutting off the gel fingers allows for more versatility by creat- 
ing a wider lane to accomodate a larger sample. 
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9. Tools to make wider wells: Cut out two thin strips of polyeth- 
ylene plastic, the same thickness as the spacer. Make one strip 
with a narrow sharp hook to cut the finger and the other strip 
with no hook for support. The tools should be thin, strong 
and long enough to hold the gel fingers while inserting them 
into the upper gel chamber. To make the new well, cut the gel 
finger at the bottom of the well and remove it. 

10. Prepare one lane of unstained molecular weight marker: 
Colloidal gold staining is very sensitive and requires very lit- 
tle molecular weight marker. One lane of a 2 5 -well comb 
requires about 2-2.5 |Llg of unstained molecular weight 
markers. Reconstitute the markers at 0.1 |Lig/|LiL and add 
20-25 (LiL of this to 20-25 \iL of sample buffer to bring the 
volume of markers equal to the volume of the sample wells. 

11. The nitrocellulose paper wets by capillary action inside the 
nitrocellulose membrane. After long-term storage, nitrocel- 
lulose paper will become brittle, will no longer be wettable, 
and should be replaced with a new one. 

12. If there are two or more gels, separate them with cellophane 
membrane. The cellophane membrane prevents proteins from 
depositing on the membrane belonging to the other gel. 

13. Orient the membrane toward the positive electrode (red 
color) and the gel toward the negative electrode (black 
color). If the membrane is not in the path of protein migra- 
tion, the protein will not deposit onto the membrane. 

14. Protein transfer buffer will be partially exhausted after 16-22 
h. Most power supplies are not equipped to detect this change, 
but some for semi-dry transfer systems can detect the conduc- 
tivity of the protein transfer buffer during electrophoresis. To 
regain conductivity, add 10-20 mM NaOH to the buffer after 
the first use; it will last several times until discarded (9). To 
avoid unwanted artifacts depositing onto the membrane from 
a small amount of protein leaking through the membrane in 
the old buffer, add cellophane membrane in front of the gel. 

15. Development of membrane strips with substrate solution 
on mini incubation trays has a disadvantage in that if there 
are many incubation trays to develop at the same time, the 
reaction of substrate solution may happen too rapidly. This 
may lead to undesirable high background. A new method to 
develop all of the membrane strips simultaneously is to put 
all of the membrane strips for one gel side by side on one tray 
(seeVig. 4). 

16. Troubleshooting western blot results: (a)High background, 
no signal: Bad cell pellet. Use a new cell pellet at the log 
phase; (b) High background, with signals: the concentration 
of secondary antibody is too high is too high, causing high 
background even if extensively washed. Dilute the conjugate 
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further from 1:10,000 to 1:30,000. (c) Net like appearance 
after substrate development: Tulle or nylon filter may cause 
this appearance. When developing strips with substrate, place 
tray on a shaker at slow speed or lightly agitate by hand. The 
substrate solution makes the top tulle or nylon filter float a 
little above the membrane strips, but the strips will still be 
secure. After stopping development with ddH 2 keep the 
strips in ddH 2 in the tray for at least 10 min to prevent fur- 
ther development; (d) A strong shadow of IgG and artifacts: 
Insufficient blocking of membrane causes these artifacts. 
Block the membrane strips longer and at higher temperature 
with 5% instant nonfat dry milk in TBST at 42 °C for 3-4 
h. Instant nonfat dry milk may not dissolve completely if it 
has been stored dry for too long; (e)The image of the pro- 
tein band turns light when stained by strong antibodies but 
dark when stained by normal serum: The pH of the block- 
ing solution may be lower because the milk in solution has 
soured; (f) High background within the lane: Cell extract 
or the antigen source, such as recombinant protein, is too 
concentrated or needs further centrifugation; (g) Bubbles 
appear on the membrane: Gas in the transfer buffer released 
during the protein transfer or failure to carefully roll out the 
water between the membrane and the gel. Degas the transfer 
buffer before use or prepare it a few hours ahead; (h) High 
molecular weight proteins are still in the gel after transfer: 
The higher molecular weight proteins are harder to transfer 
and require a longer electrophoresis time. Add 0.01% SDS 
to the transfer buffer to facilitate the transfer of the largest 
proteins by solubilizing them (10). Use no more than 0.01% 
of SDS because it has the reverse effect. 
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Chapter 29 



Native Electrophoresis and Western Blot Analysis: Method 
and Applications 

loannis N. Manoussopoulos and Mina Tsagris 



Summary 

Native electrophoresis and western blot analysis (NEWeB) has been developed for the study of plant 
virus characteristics, among others, virus particle-protein interactions, electrophorotype formation, and 
strain separation. The method is based on the property of electrophoretic mobility of virus particles (VP) 
and proteins and combines the analytical capacity of electrophoresis with the specificity of western blot. 
One of its advantages is that it deals with entire VP that can be studied in cause and effect or in time- 
interval experiments. Some of the most interesting approaches include VP structural studies, VP interaction 
with host or viral proteins, and also the characterization of VP-protein complexes. In this protocol, 
NEWeB is used to demonstrate the interaction of Plum pox virus particles with the helper component, a 
virus encoded protein. It is expected that the method could be used in analogous studies of other viruses 
or large protein complexes, where similar principles apply. 

Key words: Native electrophoresis, NEWeB, Virus particle-protein interaction, Helper component, 
HCPro, Coat protein, Plum pox virus, Potyvirus 



1. Introduction 



Most viruses consist of particles with helical (rod or filamentous) 
or icosahedral (roughly spherical) architecture. Virus particles, 
in their simplest form, are made up of an infectious nucleic acid 
(the genetic material) encapsidated in a protective coat (the cap- 
sid). The capsid is constructed by the spatial arrangement of mul- 
tiple copies of one or more types (depending on the virus) of 
virus -encoded protein subunits. VPs are thus large entities, having 
masses in the MD range compared with single proteins that have 
molecular masses usually in the kilodalton range. 
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One important physicochemical property of VPs is their net 
charge, resulting from the ionization of the side groups of the 
basic and acidic amino acids in the surface of their capsid proteins 
(1). Thus, at low pH, the amino groups of lysine and arginine and 
the nitrogen atoms in the imidazole ring of histidine are charged, 
whereas at high pH the carboxyl groups of aspartic and glutamic 
acids are charged (2). At a specific pH, known as the isoelectric 
point (pi), characteristic for each protein, negative and positive 
charges are balanced, and net charge equals zero. Virus particles 
or proteins will carry a negative net charge when the pH of the 
solution is above their pi, while they will be positively- charged 
when the pH is below it. When in an electric field such nega- 
tively or positively- charged VPs or proteins will move toward the 
anode or the cathode, respectively, whereas uncharged particles 
will be immobile. This property is known as the "electrophoretic 
mobility" (EMb) and the rate of migration of the virus particles 
or proteins is mainly dependent on both their size and net charge 
(2). As a result, the EMb of free capsid or other proteins is dif- 
ferent from that of large VPs. Typically, such proteins will move 
much faster than VPs, covering longer distances in the gel during 
electrophoresis. 

NEWeB exploits the EMb of VPs and proteins to allow the 
study of several properties of viruses. Its main advantage is that 
it deals with whole VPs that can be treated and detected as such, 
enabling a number of approaches and studies that cannot be 
designed otherwise. 

Some of the most interesting NEWeB approaches are outlined 
below: 

1 . Study of electrophorotype formation without the need of virus 
purification (electrophorotypes are virus particle populations 
of the same virus strain with different EMb). 

2 . Characterization of protein-VP interaction and stability. Proteins 
could be either of viral (structural or other proteins depending 
on the virus genus) or host origin. Unknown host proteins 
interacting with VPs could be further explored by proteomic 
approaches. 

3. Time interval or "cause and effect" experiments, as for example 
a follow up of the infection kinetics and the formation of viral 
genome -protein complexes or the effect of different factors 
on VP, respectively. 

In this protocol some of the above approaches are demonstrated 
using a Greek stain of Plum pox virus (PPV- Lar) (3). 

Plum pox virus belongs to genus Potyvirus having members 
with flexuous filamentous particles of about 680-900 nm length 
and 12 nm width. The genetic material is a ssRNA of positive 
polarity, coding for at least eight mature proteins, most having 
multifunctional properties. The capsid consists of about 2,000 
protein subunits of the virus encoded coat protein (CP) molecule. 
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Members of the Potyvirus genus are transmitted by aphids in a 
mechanism involving the interaction of VPs with another virus 
encoded protein, the helper component (HC) (4-8). Although 
much progress has been made on the subject, the exact mecha- 
nism of transmission has not yet been elucidated. Using NEWeB, 
it was shown that particles of PPV-Lar were in association with HC 
in extracts of diseased plants (6, S), implying a VP-HC interaction 
already in the plant cell (Fig. 1). Using the same method, it was 
found that a small population of VPs associated with HC had sur- 
vived ultracentrifugation at high salt concentrations (8) suggest- 
ing a strong interaction between VP and HC in these populations. 
In support to these observations, "subpopulations" of VPs associ- 
ated with HC have been recently discovered for two Potyviruses, 
namely Potato virus X (PVY) and Potato virus A (9). Further- 
more, it was shown by NEWeB that VP-HC complexes from plant 
extracts were stable under low urea concentrations (Fig. 2). 
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Fig. 1. Electrophorotype formation and VP-HC complex distribution in different tissues of a PPV-Lar infected Nicotiana 
benthamiana plant. Sap from a leaf, its petiole, and a piece of the stem was extracted separately in TBE (pH 8.3) about 1 5 
days post-infection. After centrifugation, 1 00 jliL of the supernatant was mixed in equal volumes with loading buffer. Two 
groups of three wells each in the same gel were loaded with 25 jliL of each sample. Samples were loaded and electro- 
phoresed in a 0.8% agarose gel, which was blotted on a nitrocellulose membrane. After transferring, the membrane was 
cut into two identical sheets (bearing the same biological material). The one sheet was probed with coat protein specific 
antibodies (CP) and the other with antibodies specific for PPV helper component (HC), as described in the protocol. Both 
membranes were incubated with secondary antibodies conjugated to alkaline phosphatase. After NBT/BCIP incubation 
and color development, the membranes were cut into strips corresponding to the above lanes for comparison. Two 
electropphorotypes (VP s and VP f ) were detected in the leaf the petiole and the stem (traces) (lanes 1 , 3, and 5). Particles 
of both electrophorotypes were in association with HC in the leaf (compare lanes 1 and 2), but not in the other tissues 
(compare lanes 3 with 4 and 5 with 6). Free HC aggregates (HC f ) were detected in the leaf and the stem but not in the 
petiole (lanes 2, 4, and 6), whereas free coat protein aggregates (CP f ) were detected in the leaf and the petiole but not 
in the stem (lanes 1 , 3 and 5). 
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Fig. 2. Incubation of PPV-Lar with different concentrations of urea. Leaves from a PPV-Lar N. benthamiana infected 
plant were extracted in TBE (pH 8.3) and sap was incubated after low speed centrifugation in aliquots with 0, 1 .25, 2.5, 
and 5 M (final concentration) of urea for 15 min at room temperature. Samples were mixed with 10% sucrose, loaded 
in two identical groups of wells (four wells per group) in the same gel (0.6% agarose-20% acrylamide-bis) and run in 
TBE pH 8.3. After electrophoresis, the gel was blotted on a nitrocellulose membrane overnight, in the same buffer. The 
membranes were cut into two sheets (containing the same biological material) and each sheet was probed separately 
with virus (CP Ab) and helper component (HCAb) specific antibodies, followed by incubation with secondary antibodies 
conjugated with alkaline phosphatase, as described in the protocol. After substrate addition (NBT/BCIP) and color devel- 
opment the membranes were washed in tap water. At low urea concentrations (lane 4} all complexes were stable. VPs 
detected with the CP Abs (CP Ab) and incubated with 2.5 M urea (lane 3} appeared more unstable than those detected 
with HC (compare lane 3 in each membrane). However, all complexes and VPs incubated with 5 M urea were dissociated 
(compare lane 2 in each membrane). HC Ab = membrane incubated with HC primary antibodies; CP Ab = membrane 
incubated with CP primary antibodies; 1 ,2,3,4 = samples incubated with 0, 5, 2.5, and 1 .25 M urea, respectively; VP = 
level of virus particles; VP1 , VP2 = purified PPV Lar virus particles incubated with and 5 M urea, respectively; CP f = level 
of free coat protein aggregates; HC f = level of free helper component aggregates. 



As concluded from the above synopsis, NEWeB could be a 
simple and useful tool for further characterization of potyvirus VP- 
protein associations and could also be helpful in the study of similar 
phenomena of other viruses, where similar principles apply 

An outline of the procedure is given below followed by the 
detailed protocol: 

VPs are extracted from infected tissue in a buffer adjusted to 
the appropriate pH, loaded in agarose or mixed agarose -acryla- 
mide gels, electrophoresed under native conditions and blotted 
onto nitrocellulose or other suitable membranes. 

When VP-protein complexes are studied, two or more identical 
gels are prepared, each blotted to a different membrane. How- 
ever, two or more replicas (groups) of a few wells in the same gel, 
loaded with the same samples, will be adequate for most studies. 

After blotting, each membrane is treated with the antibodies 
(Ab) of interest, and following probing with secondary Abs, 
substrate incubation and color development, membranes are 
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compared against each other for signal positioning. If a VP- 
protein complex exists, a signal coming from the (host or viral) 
protein under study will be spotted at the same level with that 
of VPs detected in the second membrane (protein shift) by the 
coat protein specific antibody (detecting VPs), suggesting a VP- 
protein interaction (Figs. 1 and 2). 



2. Materials 



2. 1. Virus Isolates 



2.2. Solutions 

2.2. 1. Electrophoresis 
and Blotting 



Virus particles can be used either from purified preparations 
diluted to the pH range in extraction buffer, or detected directly 
in extracts of diseased plants. 

1. Extraction and electrophoresis buffer: 0.2 M sodium phos- 
phate pH 7.5, or TBE pH 8.3 (89 mM Tris base, 89 mM 
boric acid, 2.5 mM EDTA). 

2. Loading buffer: 10% sucrose in extraction buffer. Sucrose 
is added to increase the density of the sample thus enabling 
smooth precipitation into the well during loading. It is inert 
and will not influence the integrity of the complexes. 

3. Tracing solution (lx): 0.25% bromophenol blue, 0.25% 
xylene cyanol FF, 40% (w/v) sucrose in water. Weigh 0.25 g 
bromophenol blue, 0.25 g xylene cyanol FF, and 40 g sucrose 
and dissolve thoroughly in 100 mL dH 2 by continuous 
steering. Store at 4°C. 

4. Acrylamide solution: 19% acrylamide 1% N, ^-methylene - 
bis-acrylamide (bis). Weigh 19 g acrylamide and 1 g bis and 
make up to 100 mL with distilled water (dH 2 0) (see Note 1). 
Adjust a heated magnetic stirrer to about 37°C and allow the 
solution to mix by continuous stirring in a fume cupboard. 
Store at 4°C in dark bottles. 

5. Ammonium persulfate (10%): Weigh 1 g ammonium persul- 
fate and make up to 10 mL with dH 2 0. Mix in a magnetic 
stirrer. Make this solution always fresh. 

6. Transfer buffer: Same as extraction buffer. 



2.2.2. Immunodetection 



1. Tris buffered saline (TBS)-Tween (TBST): 10 mM Tris, 0.9% 
NaCl, 0.05% Tween-20, pH 7.4. Add 1.21 g Tris-HCl in 800 
mL dH 2 and adjust the pH to 7.4 with HC1. Add 9 g NaCl 
and 0.5 mL Tween-20 and make up to 1 L with dH 2 0. 

2. TBS/T/Milk (TBS/T/M): Dissolve 10 g skimmed milk 
powder in 1 50 mL TBS/T. Stir in a magnetic stirrer for 10 min. 
After homogenization make up to 200 mL with TBS/T. 
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3. TBST/M/Sap (TBST/M/S): Extract 5 g of leaves from a 
healthy plant, if possible the same species as that of the diseased 
one, in 50 mL TBST/M. Centrifuge for 10 min at 10,000 
rpm in a bench centrifuge to get rid of debris and collect the 
supernatant. 

4. Alkaline phosphatase buffer (100 mM Tris-HCl, 100 mM 
NaCl, 5 mM MgCl 2 pH 9.5): Weigh 2.4 g Tris, 1.16 g NaCl, 
and 0.1 g MgCl 2 Dissolve in 100 mL dH 2 and adjust the 
pH to 9.5 with HC1. Make up to 200 mL with dH 2 0. 

5. Substrate solution: 

a) NBT (nitro blue tetrazolium). Dissolve 1 g NBT in 20 mL 
of 70% dimethylformamide. 

b) BCIP (5-bromo-4-chloro-3-indolyl phosphate): Disolve 
1 g BCIP in 20 mL of 100% dimethylformamide. Store at 
4°C in dark vials. 



3. Methods 



3. 1. Extraction 



The pH of the extraction and electrophoresis buffer should be 
selected so that the VPs and the proteins of interest have the 
desired charge. In the case of PPV both VP and HC were negatively- 
charged at pH above 7.3. However, when both, positively and 
negatively proteins and VPs are examined in the same gel, a mod- 
ified version called two -directional NEWeB (td-NEWeB) should 
be applied. In td-NEWeB, gels are prepared as described in the 
protocol but the comb is placed in the middle of the tray. After 
electrophoresis, each part of the gel upwards and downwards 
the loading points (wells) is blotted according to the polarity of 
the particles or molecules it contains (Fig. 3). Thus, the blotted 
half of the gel containing the negative particles will be facing the 
anode during transfer, while the half blotted part containing the 
positive particles will be facing the cathode (Fig. 3). The blotting 
membranes should be cut to the exact size of each gel part to be 
blotted. The pieces of the Whatman paper should be cut to the 
exact size of the whole gel side, and applied accordingly along 
with the pads as described in the protocol. 

1 . Extract tissue with a pestle and mortar in extraction buffer ( 1 g 
in 5 mL). 

2. Centrifuge for 10 min at 10,000 rpm in a bench centrifuge to 
separate cell debris and use the supernatant. 



3.2. Gel Preparation 

3.2.1. Agarose (0.8%) 



1. Weigh 0.8 g agarose and dissolve in 100 mL extraction buffer 
(see Note 2) in a conical flask. 

2 . Heat in a microwave oven until the agarose dissolves giving a 
clear solution. Cool the solution to about 55°C. 
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Fig. 3. One and two-directional NEWEB: In one-directional NEWeB (left) samples are loaded near the top of the gel and 
complexes and proteins with the same polarity are separated moving according to their net charge toward the opposite 
pole. After electrophoresis, the gel is blotted and treated as described in the protocol. In two-directional (td) NEWeB (right) 
samples are loaded in the middle of the gel and VPs and proteins of different polarities are separated, according to their net 
charge in the two gel directions moving to the opposite poles. After electrophoresis, the parts of the gel containing molecules 
and particles of opposite polarity are blotted accordingly on nitrocellulose membranes cut to the exact size of each gel part 
to be blotted. Gels are placed in the sandwich so that the blotted part containing positive molecules faces the cathode and 
the blotted part containing negative molecules faces the anode. Following transfer the membranes are treated as described 
in the protocol for signal development and analysis. The gel is shown in gray and the membranes in a downward diagonal 
line pattern. Black arrows indicate the direction of particle migration during electrophoresis or blotting. 



3.2.2. Mixed Agarose- 
Acrylamide (0.6% in 
Agarose, 0.76% in 
Acrylamide, 100 ml 
Total Volume 



3 . Pour the solution in an appropriately assembled gel tray. 

4. Fix the comb at the appropriate position, either on top or 
in the middle of the tray according to the expected particle 
charge and the desired migration direction. 

5. After setting, place the gel in the electrophoresis unit and 
cover with electrophoresis buffer. 

Composite agarose/acrylamide gels have improved mechanical 
characteristics (strength and elasticity). However, the type of gel 
to be used should be selected by experimentation. Yet, other acr- 
ylamide/agarose combinations can also be used. In our hands, 
both types worked equally well for at least PPV and PVY. Agarose 
gels were preferred because of their simplicity in preparation. 

1. Switch on a water bath and adjust temperature to about 60°C. 

2. In a conical flask, add 0.6 g powder agarose and 60 mL extraction 
buffer. Heat in a microwave until the agarose dissolves giving 
a clear solution. 
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3.3. Sample Loading 



3.4. Blotting 



3. Put the conical flask in the already heated bath. This will prevent 
agarose from setting during the preparation of the acrylamide 
solution. 

4. In another flask mix 24 mL dH 2 0, 6 mL TBE (lOx), and 4 mL 
acrylamide -bis solution (19% acrylamide, 1% bis), and place it 
in the already warmed water bath .When the acrylamide solution 
is warm enough, mix it with the agarose solution by gentle 
shaking. The acrylamide solution should be warm enough for 
avoiding premature solidification of agarose during mixing. 

5. Add 6 mL ammonium persulfate (10%) and 50 juL TEMED. 
Mix by gentle shaking. 

6. Pour the solution in an appropriately assembled gel tray. 

7. Adjust the combs as needed. 

8. Allow about half an hour for the gel to set. 

9. Place the gel in the electrophoresis unit and cover it with elec- 
trophoresis buffer. 

1. Prepare the samples by mixing an equal amount of the 
extracted preparations (e.g., 100 juL) with an equal volume of 
loading buffer. Mix thoroughly and give a quick centrifuga- 
tion in a bench centrifuge. 

2. Load in sequence 20-25 juL of each sample in each well. Sam- 
ples are usually colorless or slightly greenish. Fixing a red tape 
below the electrophoresis tray at the level of the wells will 
increase contrast, making them visible and facilitate loading. 
When a VP- complex is examined, load one or more identical 
groups of wells, in the same gel. Let one or two wells empty 
between the groups. 

3. Add 20 juL tracker solution in the outside wells. Dyes of the 
tracker solution may interfere with electrophoretic behavior; 
therefore, it is better to load them separately. 

4. Run at 35-45 V until bromophenol blue reaches the end of 
the gel (about 5 h). 

1. Mark the gel by cutting the corner indicating the starting 
point of loading. 

2. Wearing gloves cut four pieces of 3MM Whatman paper, in 
the exact dimensions of the gel and soak them in transfer 
buffer. Cut a piece of nitrocellulose membrane at the exact 
size of the gel. Allow the piece of nitrocellulose membrane to 
wet by capillary action in transfer buffer. 

3. The following steps are described for one -directional NeWEB. 
For the two -directional NeWEB, another set up of the blotting 
array is needed (Fig. 3). Slide the gel from the electrophoresis 
tray onto the supporting plate of the blotting sandwich, the 
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one that will be facing the anode during transferring. Lay 
the supporting plate with the gel on an open tray containing 
some amount of transfer buffer. Put the two pieces of the 
wetted paper on the gel so that they will fit exactly. Roll out 
any air bubbles with a glass pipette and add a porous pad 
over the papers. Cover with the second supporting plate. 

4. Holding the two supporting plates firmly, turn the sandwich 
up -side -down. Remove the upper supporting plate to expose 
the side of the gel to be blotted. 

5. Align the moistened nitrocellulose membrane on the gel 
and mark, with a pen, the corner corresponding to that of 
the marked gel. Mark gently, with a suitable pen, the posi- 
tions of the wells in which the samples have been loaded. 
Squeeze out air bubbles by gently rolling a glass pipette on 
the membrane. Cover with two pieces of wet paper and add 
a porous pad. 

6. Fix the sandwich with rubber bands, and place it in the tank 
with the blotted part facing the anode. Fill the tank with 
transfer buffer. 

7. Run at 1 5-40 V 120 mA overnight keeping the buffer cooled 
(see Note 3). 

3.5. Immunodetection l. Switch off the blotting apparatus. 

2. Disassemble the sandwich and wearing gloves carefully 
remove the membrane. 

3. Incubate the membrane in 15 mL TBS/T/M by gentle 
shaking for 1 h. 

4. Wash the membranes by shaking in TBS/T three times for 
five min each. 

5 . If complexes are studied, cut the membrane appropriately so 
that two (or more) identical sheets are obtained (each will be 
treated with different primary Abs). Mark each membrane 
according to the Ab it will be treated. 

6. Incubate the membranes separately with Abs specific for each 
of the antigens examined, diluted in TBS/T/M/S at prede- 
termined ratios defined by experimentation. This is a necessary 
step for blocking (inactivating) nonspecific Abs that may have 
been raised against host proteins copurified with the virus par- 
ticles used for Ab production. However, when monoclonal or 
Ab raised against recombinant proteins are used, incubation 
could be done in TBS/T/M. In the above examples shown 
in Figs. 1 and 2 one membrane was incubated in CP particle 
specific Abs and the other in HC specific ones. 

7. Repeat washing step 4. 
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8 . Incubate each membrane separately for 1 h in appropriately 
conjugated secondary Abs suspended in TBS/T/M at a pre- 
determined titration dilution depending on manufacturer. 

9. Repeat washing step 4. 

10. For each membrane mix 66 juL NBT in 10 mL alkaline 
phosphatase buffer and then add 33 juL BCIP. Incubate each 
membrane for appropriate time (usually 5-60 min) by gentle 
shaking (see Note 4). 

11. After satisfactory signal development, immerse the mem- 
branes in tap water for 20 min and let them dry between two 
sheets of dry Whatman paper. Take pictures of the mem- 
branes and compare the signals, examining VP and protein 
positions as revealed in each membrane. 



4. Notes 



1. Acrylamide is a potent neurotoxin. Weighing and mixing 
should be done in a fume cupboard, whereas a lab coat, gloves, 
and a mask must be worn during handling. Even after should 
be handled with care because of the possibility of containing 
small amounts of unpolymerized acrylamide. 

2. This amount has been calculated for gels with approximate 
dimensions of 16 -cm in length, 12 -cm in width, and 0.5 -cm 
in height. Smaller gels can be prepared by reducing the ingre- 
dients proportionally. 

3. Some blotting apparatuses have incorporated buffer cooling 
systems. Blotting can also be performed in a cold room, but 
precautions should be taken that the power supply apparatus 
be compatible for operation in such environments. 

4. NBT/BCIP and alkaline phosphatase conjugated antibody has 
good sensitivity. However, secondary Abs conjugated to fluoro- 
phores (e.g. Qdots etc) could also be tested for further increasing 
sensitivity. In that case, membranes appropriate for fluorescence 
detection should be used (e.g., Immobilon FL (Millipore)), 
whereas a documentation system will also be needed for best 
signal detection. 
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Chapter 30 



Grid-lmmunoblotting 

Olga Yeliosof and R. Hal Scofield 



Summary 

Grid-immunoblotting is a fast, simple, and efficient method for simultaneously testing multiple allergens 
utilizing small amount of antibody. 

Key words: Allergens, Antibodies, Nitrocellulose 



1. Introduction 



Grid-immunoblotting is a technique developed by Reese et al. (1) 
that could alleviate many problems often encountered in allergy 
diagnosis and research. This method is particularly valuable for it 
requires only about 150-200 \iL of the serum sample compared 
with 10 times more serum required for enzyme-linked immu- 
nosorbant assay (ELISA). Furthermore, this technique permits 
simultaneous testing of up to 20 different antibodies against 20 
different allergens. In clinical or laboratory settings, the amount 
of sera drawn from allergic subjects is often limited. This limita- 
tion really becomes a barrier when blood is drawn from allergic 
children or patients with complicated preexisting conditions who 
are unable to give sufficient amounts of blood. 

The grid-immunoblotting procedure consists of three basic 
steps. First, the protein is immobilized on a carrier nitrocellulose 
membrane. This membrane is placed onto a multichannel mani- 
fold (Surf- blot apparatus) and various proteins are applied to the 
channels. After a 1-h incubation period, the membrane is washed 
and blocked. Second, the blot is incubated with the primary 
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antibody. Finally, specific binding is detected using a detection 
system (1, 2). 



2. Materials 



2. 1. Protein Immobili- 
zation and Blocking 



2.2. Blot Incubation 
with Primary Antibody 

2.3. Detection of 
Specific Binding with 
a Detection System 
(see Note 4) 



1. 12.5 cm x 12.5 cm reinforced nitrocellulose membrane (Opti- 
tran BA-S 85, pore size 0.45 |Lim, Schleicher & Schuell - Perkin 
Elmer Life Sciences, Waltham, MA, USA). 

2. Cyanogen bromide (CNBr) used to activate the nitrocellulose 
membrane and improve protein binding. 

3. Tris-buffered saline (TBS): 100 mM Tris-HCl, 100 mM 
NaCl, 2.5 mM MgCl 2 , pH 7.4. 

4. Surf-blot apparatus (Idea Scientific, Minneapolis, MN, 

USA). 

5. ELISA carbonate/bicarbonate coating buffer: 60 mM 
Na 2 CO s , 140 mM NaHCO s , pH 9.6. 

6. Allergen solutions (200 |LiL/channel). 

7. 0.01% Pyronin Y solution (200 |LiL). 

8. Washing buffer (TBST): TBS supplemented with 0.05% 
Tween-20. 

9. Blocking solution: 200 mL of TBST containing 1% (w/v) 
nonfat dry milk powder (Carnation, Nestle Food Company, 
Glendale, CA, USA). 

1. Antibodies specific to the allergens. 

2. Detection antibody (see Note 1). 

1. Alkaline phosphatase (AP) buffer: 100 mM Tris-HCl, 100 
mM NaCl, 5 mM MgCl 2 , pH 9.5. 

2. Substrate/chromogen mixture for alkaline phosphatase at 
37°C [450 |LiM 5-bromo-4-chloro-indonyl-phosphate diso- 
dium salt (BCIP; Sigma, St. Louis, MO, USA) and 400 |lM 
nitroblue tetrazolium chloride (NBT; Sigma) solubilized in 
AP buffer]. 



3. Methods 



3. 1. Protein 
Immobilization 
and Blocking 



1 . Activate reinforced nitrocellulose membranes with CNBr accord- 
ing to the technique used by Demeulemester et al. (3) (can store 
this membrane at 4°C for extended periods of time). 



3.2. Blot Incubation 
with Primary Antibody 
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2. Soak the membranes for 1 min in Tris- buffered saline. 

3. Place the soaked membranes onto the Surf- blot apparatus 
and assemble the apparatus according to the manufacturer's 
instructions {see Note 2). 

4. Dilute the allergens in standard ELISA carbonate/bicarbo- 
nate coating buffer with a concentration ranging from 100 to 
1,000 jlg/mL. 

5. Pipette 200 |LiL of allergen solution into each channel of the 
assembled Surf- blot apparatus except for the last channel. Coat 
the last channel with 200 |LiL of a 0.01% Pyronin Y solution 
instead of the allergen in order to avoid confusion about the 
orientation of the membrane. This will result in a permanently 
stained pink lane on the blot. 

6. Incubate the Surf- blot apparatus for 1 h at room temperature 
(RT) with end- over- end rotation {see Note 3). 

7. Perform three washing steps (5 min each) with 2 mL per 
channel of TBST wash buffer. 

8 . Disassemble the apparatus using a regular 1 mL pipette and block 
the unoccupied binding sites on the membrane with 200 mL of 
TBST containing 1% (w/v) nonfat dry milk for 1 h at RT. 

9. Rinse the membranes twice for 10 min in 200 mL of the wash- 
ing buffer TBST and air- dry until use. 

1. For detection of specific antibody reactivity, soak the mem- 
brane in TBST for 1 min. 

2. Arrange the membranes in such a way that the antigen-coated 
lanes on the membrane are perpendicular to the incubation 
channels of the manifold, thus permitting each antibody to 
interact with each of the 20 antigens. 

3. Remove the excess buffer and pipette 150-200 \xL of diluted 
(1:100) antibody- containing solution into the lanes. 

4. Incubate the blot for 1 h with end- over- end rotation. 

5. Perform another washing procedure (3x) {see Subhead- 
ing 3.1, step 7) with TBST and incubate the membrane in 
100 mL of TBST containing 1% nonfat dry milk powder and 
detection antibody for \h{see Note 3). 



3.3. Detection of 
Specific Binding with 
a Detection System 

3.3.1. Calorimetric 
Detection 



1. Use calorimetric detection method to make the antibody 
binding visible {see Note 4). 

1. Wash the membranes with 100 mL of TBST and 50 mL TBS- 
AP buffer for 5 min each. 

2. Incubate the blots in substrate/chromogen mixture for alka- 
line phosphatase at 37°C till spots appear. 

3. Stop color development by washing with TBST. 
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4. Notes 



References 



1. For the detection of mouse antibodies, use 1:20,000 diluted 
alkaline phosphatase conjugated goat anti- mouse IgG + IgM 
antibody (Jackson ImmunoResearch, West Groove, PA). 
For the detection of IgE antibodies, incubate the blot with 
1:1,000 diluted alkaline phosphatase conjugated monoclonal 
anti-human IgE (Southern Biotechnology Associates, Bir- 
mingham, AL, USA). 

2. Aspirate any TBS remaining in the channels before the mem- 
brane is coated with allergen. 

3. Make sure that the antigen evenly coats the membrane and 
that no bubbles are trapped in the channels. 

4. As an alternative to colorimetric detection, one can use a 
chemiluminescence substrate for alkaline phosphatase. The 
following materials [see (a)-(c)] and methods [see (d)-(g)] 
need to be used for this procedure. 

(a) Washing assay buffer (100 mM diethanolamine/HCl, 1.0 
mMMgCl 2 ,pH10). 

(b) 1:20 Diluted nitroblock chemiluminescense enhancer 
(Tropix, Bedford, MA, USA). 

(c) 250 |LiM CSPD (disodium 3-(4-methoxy-spiro{dioxetane- 

3,2 -(5 chloro) tricyclo [3.3.I.I. 37 ] decan}-4-yl)phenyl 
phosphate; Tropix). 

(d) Wash the blots with freshly prepared assay buffer (100 
mM diethanolamine/HCl, 1 mM MgCl 2 , pH 10). 

(e) Incubate the blots in the 1:20 diluted nitroblock chemilu- 
minescense enhancer for 5 min. 

(f) Incubate the blots in 250 |LiM CSPD (disodium 3-(4-meth- 

oxy-spiro{dioxetane-3,2'(5' chloro) tricyclo [3.3.I.I. 3 ' 7 ] 
decan}-4-yl)phenyl phosphate; Tropix) for 5 min and 
drain any excessive liquid. 

(g) Expose the blots to autoradiography film for 15, 30, 60, 
and 120 s sealing the blots between transparencies. 
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Chapter 31 



Sequential Use of Immunoblots for Characterization 
of Autoantibody Specificities 

Holger Bartsch and Michael Bachmann 



Summary 

Sera of patients with systemic autoimmune diseases frequently contain autoantibodies to nuclear autoan- 
tigens. Immunoblotting of recombinant and native autoantigens is a commonly used technique for the 
identification and characterization of autoantibody specificities. Here, we describe an easy procedure that 
facilitates the comparison of antibody specificities by reusing the same immunoblot at least three times in 
order to detect an abundantly expressed autoantigen in total cellular extracts. 

Key words: Systemic autoimmunity, Autoantibodies, Immunoblotting 



1. Introduction 



Most if not all patients suffering from systemic autoimmune dis- 
eases such as systemic lupus erythematosus (SLE) produce high 
levels of autoantibodies often exceeding concentrations of 1 mg/mL. 
Among the best characterized autoantibodies, which are of diag- 
nostic value, are antibodies to dsDNA, Sm, RNP, Ro/SS-A, La/ 
SS-B and P (1). To (a) characterize the epitope specificities of 
autoantibodies or monoclonal antibodies directed to the autoanti- 
gens or, (b) identify cross reactivities among species or with other 
protein antigens, immunoblotting experiments are frequently per- 
formed. Antigen preparation and repeated transfer is time consum- 
ing and, especially in case of a series of recombinantly expressed 
deletion mutants, cost-prohibitive. Because of protein concentra- 
tion variations quantitative comparisons may become difficult. 
Thus, it can become desirable to reuse the same immunoblot as fre- 
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quently as possible. Here, we describe the conditions that allowed 
us to reuse the same immunoblot at least three times to detect the 
abundantly expressed nuclear autoantigen La/SS-B, including in 
total cellular extracts. 



2. Materials 



2.1 . Cell Culture 
and Lysis 



Dulbecco's Modified Eagle's Medium (DMEM) (Invitrogen, 
Karlsruhe, Germany) supplemented with 10% fetal bovine 
serum (FBS, Biochrom, Berlin, Germany). 

The following cell lines have been used: Human Maba cell 
line (Fig. 1, lane 1, h); rat PC12 cell line (Fig. 1, lane 2, r); 
rat glioblastoma cell line (Fig. 1, lane 3, r); green African monkey 
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Fig. 1 . Total extracts from various cell lines were prepared and analyzed by immunoblotting against three different anti- 
bodies (A-C) directed to the nuclear autoantigen La/SS-B. The cell lines were either of human (h), rat (r), monkey (mo), 
or mouse (m) origin. The blots show that only the antibody used in C cross reacts with human, monkey, and murine La 
protein forms while the antibodies used in A and B are directed to human La only. 
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5 
6. 



kidney cell line CV1 (Fig. 1, lane 4, mo); mouse 3T3 cell line 
(Fig. 1, lane 5, m); and human Raji cell line (Fig. 1, lane 6, h). 

Solution of trypsin (0.25%) and ethylenediamine tetraacetic 
acid (EDTA) (1 mM) (Invitrogen, Karlsruhe, Germany). 

Modified Laemmli (2) buffer for cell lysis and gel loading: 
200 mM dithiothreitol (DTT), 4% (w/v) SDS, 20% (v/v) 
glycerol, 0.2% (w/v) bromophenol blue, 100 mM Tris-HCl 
(pH 6.8). Store in aliquots at -20°C (see Note 1). 

Teflon cell scrapers (Greiner Bio One, Frickenhausen, Germany). 

Prestained molecular weight marker: Page Ruler (Fermentas, 
St.Leon-Roth, Germany). 



2.2. Western Blotting 
for Detection of 
La/SS-B 



2.3. Reprobing 



Immunoblotting was performed according to Matsudaira (3) 
using the following modifications: 

1. Transfer buffer: Roti-Blot A and Roti-Blot K (Carl-Roth, 
Karlsruhe, Germany). 

2. PVDF membrane: Hybond-P (Amersham/GE-HealthCare 
Life Science, Munich, Germany) (see Note 2). 

3. 20% Methanol for equilibration of PVDF membrane. 

4. 3 MM chromatography paper from Whatman (Maidstone, UK). 

5. Tris-buffered saline with Tween (TBST) lOx: 1.5 M NaCl, 
0.5 M Tris-HCl, pH 8, 1% Tween-20. Dilute 100 mL with 
900 mL water for use. 

6. Blocking buffer: 5% (w/v) Blocking reagent (Roche, Man- 
nheim, Germany) in TBST. 

7. Antibody incubation buffer: TBST supplemented with 1% 
(w/v) fraction V bovine serum albumin (BSA). 

8. Secondary antibody: Anti-mouse IgG conjugated to peroxi- 
dase ( Sigma- Aldrich, Taufkirchen, Germany) (see Note 3). 

9. Enhanced chemiluminescent (ECL Plus) reagents from GE- 
HealthCare Life Science (Munich, Germany). 

10. ChemiDoc XRS system for analysis (BioRad, Munich, 
Germany). 

1. Stripping buffer: 0.2 M glycine, 1.5 M NaCl, pH 2.3. 

2. TBST. 



3. Methods 



For the identification of cross -reactivities of different monoclonal 
antibodies directed against the autoantigen La/SS-B among 
species or with other protein antigens, immunoblotting experi- 
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3. 1. Preparation of 
Samples for Detection 
ofLa/SS-B by Western 
Blotting 



ments were performed. Antigen preparation and repeated trans- 
fer is time consuming and cost-prohibitive. Also, different sample 
preparations might differ slightly, making it difficult to compare 
the results obtained. Therefore, we have reused the same blot at 
least three times for different antibodies (Fig. 1). 

1 . The cells used herein are passaged when approaching conflu- 
ence with trypsin/EDTA to provide new maintenance cultures 
on 100 mm tissue dishes and experimental cultures on 35 mm 
dishes. One 35 mm dish is required for one experiment (see 

Note 4). 

2. A labeled microcentrifuge tube for each sample with a hole 
poked in the cap using a 26-gauge syringe needle; a heat- 
block at 100°C, and cell lysis buffer preheated to 100°C are 
held ready. 

3. To each culture 100 juL of heated cell lysis buffer is added and 
the material is scraped into the appropriate labeled tube (see 
Note 5). 

4. The tubes are closed and then boiled for a further 10 min. After 
cooling to room temperature, they are ready for separation by 
SDS-PAGE. 



3.2. SDS-PAGE 



3.3. Western Blotting 
for Detection of La/ 
SS-B 



1. Carry out SDS-PAGE (1-mm thick, 10% minigels) essentially 
according to Laemmli (2). 

1. After the separation by SDS-PAGE, the samples are trans- 
ferred to PVDF membranes electrophoretically. These direc- 
tions assume the use of a semidry system provided by Bio-Rad 
(TransBlot™ Semi-Dry Transfer Cell, Bio-Rad, Munich, 
Germany). Three trays with methanol, transfer buffer Roti- 
Blot A, and transfer buffer Roti-Blot K, respectively, are prepared 
with a size slightly bigger than the dimension of the gel. 

2. Cut the PVDF membrane and eight pieces of Whatman 3 MM 
paper to the size of the separating gel. 

3. The PVDF membrane is submerged in 100% methanol for 10 
min and then reequilibrated in transfer buffer Roti-Blot A (10 
min). Cut one edge of the membrane for orientation. 

4. Four sheets of 3 MM are moistened in transfer buffer A 
and transferred to the anode plate of the blotting device. 
On top of this stack, the reequilibrated PVDF membrane is 
added. 

5. The gel unit is disconnected from the power supply and disas- 
sembled. The stacking gel is removed and discarded and one 
corner (corresponding to the membrane) is cut from the sepa- 
rating gel to allow its orientation to be tracked. The separating 
gel is then laid on top of the PVDF membrane. 
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3 A Stripping of 
Western Blot and 
Reprobing 



6. Another four sheets of 3 MM paper are wetted in trans- 
fer buffer Roti-Blot K and carefully laid on top of the gel, 
ensuring that no bubbles are trapped in the resulting sand- 
wich. You can remove air bubbles by carefully rolling a glass 
pipette on top of the stack. 

7. The lid is put on top of the stack and the power supply is 
activated. Transfers can be accomplished at 0.8 mA/cm 2 
blot size for 1 h. 

8 . Once the transfer is complete the stack is carefully disassembled. 
The 3 MM paper and the gel can then be discarded. If you 
want, you can stain the gel in Coomassie Blue staining reagent 
for 1 h and destain thereafter in order to check for complete- 
ness of transfer of the separated proteins. On the PVDF mem- 
brane the colored molecular weight markers should be clear. 

9. The membrane is then incubated in 10 mL blocking buffer 
overnight at 4°C. Alternatively, blocking is done for 1.5 h at 
room temperature (RT) on a rocking platform. 

10. Discard the blocking buffer. Add the appropriate hybridoma 
supernatant and incubate for 1 h at RT on a rocking platform. 

1 1 . The hybridoma supernatant is removed (see Note 6) and the 
membrane is washed four times for 5 min each with 10 mL 
TBST. 

12 . The secondary antibody is freshly prepared for each experiment 
as l:80,000-fold dilution in antibody incubation buffer and 
added to the membrane for 1 h at RT on a rocking platform. 

1 3 . Discard the secondary antibody and wash the membrane five 
times for 5 min each with 10 mL TBST. 

14. During the final wash, for each blot warm 1 mL solution 
A and 25 juL solution B of the ECL Plus solutions to RT. 
Once the final wash is removed from the blot, the ECL Plus 
reagents are mixed together and then immediately added to 
the blot, which is then incubated for 5 min at RT. Take care 
that the membrane is always covered with liquid. 

15. The blot is removed from the ECL Plus reagents, dried and 
analyzed in a ChemiDoc XRS system (BioRad, Munich, 
Germany) or equivalent system. 

1 . Stop the development of the blot and wash the blot briefly 
in TBST. 

2. Strip the blot by incubating in stripping buffer for 5 min at 
RT on a rocking platform. 

3. Continue with blocking again (Subheading 3.3, step 9) 
for 1 h at RT or overnight at 4°C and proceed with the 
following steps for probing with different antibodies (see 

Note 7). 
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4. Notes 



l. 



Unless stated otherwise, all solutions should be prepared 
in water that has a conductivity of 0.056 juS/cm and total 
organic content of less than 5 ppb. This standard is referred to 



as "water" in this text. 



2. The usage ofPVDF membrane is mandatory. The use of nitro- 
cellulose membrane is not possible with the method described 
herein. 

3. We have found this antibody to be excellent for western blotting, 
but as numerous competitive reagents are available from other 
commercial sources, they might work equally well. 

4. This protocol can be adapted for many other cell culture sys- 
tems, e.g., also for cells that grow in suspension, such as Jurkat 
T cells. 

5. The cell material will be very viscous at this stage owing to 
release of DNA and thus hard to pipette. It is easiest to use the 
pipette tip to transfer the sample to the tube by dragging and 
pushing rather than by drawing the sample up and down. 

6. After the incubation the hybridoma supernatant can be kept at 
-20°C and reused up to three times. 

7. The reprobing could be done at least three times and you can 
try more. Nevertheless, when you observe high background 
in the first usage of your blot, most likely, this would not be 
abrogated by the stripping procedure. The viscosity of the 
material will decrease during subsequent boiling, allowing 
accurate loading of the gel. 
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Chapter 32 



Renaturation of Recombinant Ro 60 Autoantigen 
by Calcium Ions on PVDF Membrane 

Biji T. Kurien and Michael Bachmann 



Summary 

Calcium is pivotally involved in many biochemical processes in different cell types. This divalent cation 
mediates its function by interacting with specific calcium binding proteins that serve as calcium sensors 
and regulatory proteins. In our earlier studies we found that calcium was involved in the protein-protein 
interaction observed between Ro 60 multiple antigenic peptides (MAPs) and Ro 60 autoantigen. Since 
calcium was found to bind Ro 60 MAPs we hypothesized that it would renature human recombinant Ro 
60 on a protein blot. As hypothesized antibodies to Ro 60 bound significantly higher to the recombinant 
Ro antigen that was incubated with calcium compared with that incubated without calcium on a polyvi- 
nyline fluoride (PVDF) blot. Since the immmunological epitopes of Ro 60 are mainly conformational, 
we believe that calcium induced a more native tertiary structure in recombinant Ro 60 autoantigen 
following blotting to a PVDF membrane. 

Key words: Calcium, Protein-protein interaction, Recombinant Ro 60 autoantigen, Systemic lupus 
erythematosus, PVDF 



1. Introduction 



Calcium (Ca 2+ ) is involved in many biochemical processes in dif- 
ferent cell types, from the beginning of new life and egg fertiliza- 
tion to the end of life and cell death (1). Intracellular free calcium 
ions are important as a second messenger for external stimuli 
and as a key regulator of numerous cellular processes. Cytosolic 
free calcium ([Ca 2+ ].) is an important second messenger during 
stimulation in a wide variety of cells, including polymorphonu- 
clear leukocytes (PMNs). Its mobilization in PMNs is altered in 
various diseases such as atherosclerosis and ageing (2). This diva- 
lent cation carries out most of its functions by interacting with 
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binding proteins that serve as calcium sensors and regulatory 
proteins (3). Some of the well-known calcium binding proteins 
are calmodulin, calreticulin, albumin, and the La autoantigen. 
Calmodulin undergoes a series of conformational changes upon 
binding calcium and exerts its action on the cell cycle mainly, but 
not exclusively, through activation of protein phosphorylation 
and dephosphorylation (1). 

We found that calcium was involved in mediating the 
intramolecular protein-protein interaction occurring between 
Ro 60 multiple antigenic peptides (MAPs) (constructed from the 
sequence of the Ro 60 autoantigen) and the Ro 60 autoantigen 
itself (4). This 60,000 molecular weight antigen is part of the Ro 
ribonucleoprotein particle and is noncovalently associated with at 
least one of four short uridine -rich human cytoplasmic RNAs (the 
hY RNAs) (5, 6). Anti-Ro 60 is found in up to 40% of patients 
with systemic lupus erythematosus (SLE) and is associated with 
subacute cutaneous lupus, photosensitive skin rash, deficiency 
of early complement components, renal disease, neonatal lupus, 
lymphopenia, and neutropenia (7, 8). 
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Fig. 1 . Renaturation of Ro 60 autoantigen by calcium on PVDF immunoblot. (A) Calcium 
was added following immunoblotting and the membranes were blocked with 2% BSA. 
Regular immunoblotting was followed from this step onward. Lane 1 - no calcium; 
lane 2 - 2 mM calcium (final concentration). (B) Lane 1 - no calcium; lanes 2-8 - plus 
calcium - 0.1, 0.25, 0.5, 1.0, and 2 mM, respectively (final concentration) (reproduced 
from (4) with permission from Elsevier). 
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Renaturation of proteins on a blot is an essential step for 
appropriate recognition of blotted proteins (9). Since calcium was 
found to bring about the interaction of Ro 60 MAPs and Ro 60 
autoantigen we hypothesized that calcium might increase the anti- 
genicity of recombinant Ro 60 autoantigen following blotting to 
a PVDF membrane by inducing a more native tertiary structure. 
We found that antibodies to Ro 60 bound significantly higher 
to the recombinant Ro antigen that was incubated with calcium 
compared with that incubated without calcium on a polyvinylidine 
fluoride (PVDF) blot (Fig. 1). This showed that calcium was able 
to renature recombinant Ro 60 antigen on the blot. 



2. Materials 



Prepare all solutions using ultrapure water (prepared by purify- 
ing deionized water, to attain a sensitivity of 18 MQ cm at 25°C) 
and analytical grade reagents. Prepare and store all reagents at 
room temperature (unless indicated otherwise). Diligently follow 
all waste disposal regulations when disposing waste materials. We 
do not add sodium azide to our reagents. 

1. 10% SDS-PAGE precast gels (10 well) (ISC Bioexpress, Kaysville, 
UT, USA). 

2. SDS lysis buffer (5x): 0.3 M Tris-HCl (pH 6.8), 10% SDS, 
25% (3-mercaptoethanol, 0.1% bromophenol blue, 45% glyc- 
erol. Leave one aliquot at 4°C for current use and store 
remaining aliquots at -20°C (see Note 1). 

3. SDS-PAGE running buffer: 0.025 M Tris-HCl, pH 8.3, 
0.192 M glycine, 0.1% SDS (see Note 2). 

4. Phosphate buffered saline (PBS), pH 7.4: Dissolve five PBS 
tablets (Sigma Chemical Company, St. Louis, MO, USA) in 
1 L water to obtain PBS solution, pH 7.4 at 25°C (0.01 M 
phosphate, 0.00027 M potassium chloride, 0.137 M sodium 
chloride). 

5. Purified recombinant Ro 60 (4) was a gift from Dr. Michael 
Bachmann, Dresden, Germany. 

6. BenchMark prestained molecular weight standards (Gibco 
BRL, Bethesda, MD, USA). 

7. Polyvinylidene difluoride membrane (Millipore, Bedford, 
MA, USA). 

8. Western blot transfer buffer: 0.025 M Tris, 0.192 M glycine, 
20% methanol (see Note 3). 

9. Western blot transfer apparatus (Hoeffer Scientific Instru- 
ments, GE Healthcare, Piscataway, NJ, USA). 
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10. Tris buffered saline (TBS; lOx): 1.5 M NaCl, 0.1 M Tris- 
HC1, pH 7.4. 

11. Blocking solution: 2% bovine serum albumin in PBS, pH 
7.4. Store at 4°C (see Note 4). 

12. Diluent solution: 2% bovine serum albumin in PBS, pH 7.4 
containing 0.05% Tween-20. Store at 4°C (see Note 4). 

13. Normal and anti-Ro 60 human sera (Clinical Immunology 
Laboratory, Oklahoma Medical Research Foundation, Okla- 
homa City, OK, USA). 

14. Nitro blue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl 
phosphate (BCIP): Dissolve 1 g NBT in 20 mL of 70% 
dimethylformamide (DMF). Disolve 1 g BCIP in 20 mL 
of 100% DMF. Add 33 uL of BCIP and 66 uL of NBT to 
10 mL of alkaline phosphatase buffer just before adding to 
membrane. 

15. Alkaline phosphatase (AP) buffer: Weigh 6.1 g of Tris, 2.9 g 
sodium chloride, and 0.51 g magnesium chloride -6H 2 and 
make it to 500 mL with water after adjusting pH to 9.3 with 
HC1. Store at 4°C 

16. 0.0 09 -in. Single edge razor blades - Smith Brand (Fisher 
Scientific, Dallas, TX, USA). 



3. Methods 



All procedures are carried out at room temperature unless other- 
wise specified. 



3.1.SDS-PAGE 



1. Heat an aliquot of the recombinant Ro 60 at 95°C for 5 min 
in SDS lysis buffer. Do not add lysis buffer to the prestained 
protein standard or subject it to heat. Centrifuge the heated 
sample at 3,000 x^for 30 s to bring down the condensate. 
Load the sample (in required number of wells) and the pro- 
tein standard (10 |LiL/well) on the gel. Electrophorese at 15 
mA until the sample has entered the gel and then continue at 
25 mA till the dye front (from the BPB dye in the samples) 
reached the bottom of the gel (see Note 5). 



32 Western Blotting 



Following electrophoresis, pry the gel plates open with the 
use of a spatula. The gel remains on one of the glass plates. 
Rinse the gel gently with deionized water and transfer care- 
fully to a container with western blot transfer buffer. 

Cut a PVDF membrane to the size of the gel and immerse 
in methanol. Rinse twice in distilled water and once with 
transfer buffer. 
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3. Cut four sheets of Whatman 3M filter paper to the size of the 
gel and transfer to the transfer buffer. Place two adsorbent 
pads also in the buffer (see Note 6). 

4. Place plastic wrap (about 12 in.) on the workbench. Place 
two filter papers on top of the plastic wrap. Position the 
PVDF membrane on top of the filter papers. Transfer the gel 
to the top of the membrane in such a way that there are no 
air bubbles between the gel and the membrane. Place the 
remaining two filter papers on top of the gel. Place in a trans- 
fer cassette (see Note 7). Make doubly sure that the PVDF 
membrane is between the gel and the anode (see Note 8). 
Transfer was carried out overnight (~18h)at30V (constant 
voltage). 

5. Disconnect power supply and disassemble the sandwich. 
Keep the membrane (see Note 9) moist at all times. 

6. Stain the polyacrylamide gel with Coomassie Brilliant Blue 
stain or by silver to determine the efficiency of transfer. 



3.3. Renaturation of 
Recombinant Ro 60 
on Membrane 



1. Excise the lane with molecular weight standards from the 
main PVDF sheet containing the transferred Ro 60 protein 
lanes. Cut a tiny wedge from the bottom left side of the 
marker lane and the main membrane sheet for orientation 
purposes (see Note 10). 

2 . Align the comb across the top of the PVDF membrane and 
mark the areas for cutting. Cut strips (about 2-3 mm in 
width) containing the Ro antigen (see Note 10). 

3. Incubate one set of strips with just water and another set of 
strips with calcium chloride (0.1-2 mM final concentration) 
(see Note 11) for a minimum of 1 h. 

4. Block the strips with blocking solution for 1 h. 

5. Dilute human anti-Ro 60 sera and control sera 1:1,000 with 
BSA diluent and add 1 mL to appropriate strips. Incubate for 
2 h on an orbital shaker. 

6. Wash 5x times, 5 min each time with TBST (see Note 12). 

7. Add 1 mL of anti-human IgG alkaline phosphatase conju- 
gate (1:5,000 dilution, diluted in diluent) to each strip and 
incubate for 1 h. 

8. Wash as in step 6. 

9. Add 500 \iL of nitroblue tetrazolium/5-bromo-4-chloro-3-in- 
dolyl phosphate substrate and let bands develop (see Note 13). 

10. Wash with TBST for 5 min. Let the strips dry and arrange in 
order on paper board inserts (see Note 14). 
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4. Notes 



1. SDS precipitates at 4°C. Therefore, the lysis buffer needs to 
be warmed prior to use. 

2. Simple method of preparing running buffer: Prepare lOx 
native buffer (0.25 M Tris, 1.92 M glycine). Weigh 30.3 g 
Tris and 144 g glycine, mix, and make it to 1 L with water. 
Dilute 100 mL of lOx native buffer to 990 mL with water 
and add 10 mL of 10% SDS. Care should be taken to add SDS 
solution last, since it makes bubbles. 

3. Dilute 100 mL of lOx native buffer to 800 mL with water 
and add 200 mL of 10% SDS. Avoid adding methanol directly 
to the lOx buffer, since it precipitates its ingredients. Even in 
such a scenario the precipitate can be redissolved by the addi- 
tion of 800 mL water. 

4. Do not use milk for blocking or as a diluent since it contains 
calcium and will interfere with the experiment. 

5. Ensure that all wells have the same amount of SDS lysis 
buffer to ensure that all samples migrate at the same rate. 
Centrifuging the samples prior to the run helps remove 
insoluble debris, which could produce streaks in the pro- 
tein lanes (revealed when stained with Coomassie Blue). 
Add a drop of 0.1% BPB to the upper chamber buffer. This 
helps to form a much stronger dye front during the electro- 
phoretic run. 

6. Take care to exclude air bubbles from the support pads. Press 
the pads with fingers while the pads are immersed in the buffer 
(to get rid of air bubbles). The buffer should be at 4°C. 

7. Hold the two top corners of the gel with each hand. Lower 
the bottom part of the gel first on the membrane and gen- 
tly release the gel little by little to lay the complete gel 
on the membrane. This will prevent trapping of bubbles in 
between the gel and the membrane. We use Saran plastic 
wrap. Part of the Saran wrap was folded over the sandwich. 
A 10 mL pipette was used to roll out the air bubbles from 
the gel membrane sandwich prior to placing in a transfer 
cassette. 

8. In the Bio-Rad transfer apparatus, we place the gel side of the 
transfer cassette facing the black side of the transfer cassette 
holder and the membrane side facing the red side. 

9 . Ensure that the membrane is always moist. If for some rea- 
son, the membrane strips dry out, immerse the membrane in 
methanol and wash with buffer. 
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10. The strips can be excised very nicely using a razor blade. A 
Mini PROTEAN® 3 System glass plate is placed at an angle 
on the nitrocellulose at a distance of 2 mm from the edge 
and the razor is used to cut the strip (pull the razor blade 
along the sides of the glass plate to cut) . 

1 1 . Prepare stock solutions of calcium and dilute to obtain the 
desired final concentration. 

12. Rinsing the strips with deionized water 2-3 times will help 
remove a bulk of the nonspecific antibodies and help reduce 
the amount of TBST used subsequently and also reduce the 
number of washes. This wash helps to reduce unspecific 
binding of NBT/BCIP to the strip. The water, owing to 
its low ionic strength compared with TBST, will be able to 
remove contaminants much better than TBST. 

13. NBT/BCIP comes as a ready-to-use stabilized mixture. 

14. We use paper boards found in between stacks of ELISA plates 
in packages of ELISA plates (Costar, Cambridge, MA, USA) 
for this purpose. 
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Chapter 33 



Intermittent Microwave Irradiation Facilitates 
Antigen-Antibody Reaction in Western Blot Analysis 

Yu-Ting Liu and Shinya Toyokuni 



Summary 

We established a shortened protocol for western blot analysis using intermittent microwave irradiation. 
With this method, the procedure is completed within 1 h after applying the primary antibody, and thus 
greatly saves time. This procedure appears to be applicable to any antibody based on our experience of 
several years. 

Key words: Intermittent microwave irradiation, Western blot analysis 



1. Introduction 



Specific reaction between antigen and antibody can be visualized 
by various methods such as western blot analysis and immunohis- 
tochemistry. In the March 2002 issue of Pathology International^ 
Li et al. presented the first report describing the use of intermit- 
tent microwave irradiation in western blot analysis (1). We have 
independently developed a more rapid western blot protocol, 
which we would like to introduce here. 

Microwave radiation, an energy wave with a frequency of 
approximately 1-300 GHz, has been used not only for radar, 
cooking procedure, radio communication but also for pathologi- 
cal methods as an antigen retrieval method in formaldehyde- 
fixed paraffin- embedded specimens (2, 3). Recently, intermittent 
microwave irradiation has been also applied to fluorescent in situ 
hybridization technique (4). 
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Western blot analysis is an indispensable biochemical method 
for protein analysis (5, 6), and is used in most laboratories dealing 
with wet biological samples. However, the procedure takes half 
a day to 2 days after the blotting process in the currently used 
protocols (7). Microwave irradiation oscillates the exposed mole- 
cules. In the present protocol, we applied intermittent microwave 
irradiation to western blot analysis. 



2. Materials 



2.1. SDS- 

Polyacrylamide Gel 
Electrophoresis 
(SDS-PAGE) 



2.2. Western Blotting 
forActin 



1. Stacking buffer (4x): 0.5 M Tris-HCl, pH 6.8, 0.4% SDS. 
Store at room temperature (RT). 

2. Separating buffer (4x): 1.5 M Tris-HCl, pH 8.8, 0.4% SDS. 
Store at RT. 

3. 44% Acrylamide/1.2% Bis solution (Nacalai, Kyoto, Japan). 
Store at 4°C. 

4. JV,JV,^,^-Tetramethyl-ethylenediamine (TEMED) (Wako, 
Osaka, Japan). Store at 4°C. 

5. Ammonium persulfate: Prepare 10% solution in water (Nacalai, 
Kyoto, Japan). Store at -20°C. 

6. Running buffer (5x): 125 mM Tris, 960 mM glycine, 17.3 
mM SDS. Store at RT. 

7. Precision Plus protein dual-color standard marker (Bio-Rad, 
Hercules, CA, USA). Store at -20°C. 

1. Polyvinylidene difluoride (PVDF) membranes (Immobilon, 
Millipore, Tokyo, Japan). 

2. Blockace (Yukijirushi Co. Ltd., Sapporo, Japan). 

3. Wash buffer: 0.1% Tween-20, 100 mM Tris-buffered saline 
(TBST,pH7.4). 

4. Moisture chamber (Incubation chamber 10DO, Cosmo Bio, 
Tokyo, Japan). 

5. Parafilm "M" (American National Can, Menasha, WI, USA). 

6. Intermittent microwave irradiation machine (Microwave 
processor, MT77, Azumaya, Tokyo, Japan; Fig. 1). 

7. Primary antibody: Anti-actin monoclonal antibody (Chemicon 
International Inc., Temecula, CA, USA), diluted to 1:2,000. 

8. Secondary antibody: Horseradish peroxidase-conjugated rabbit 
anti-mouse IgG (Dako Japan Co. Ltd., Kyoto, Japan), diluted 
1:2,000. 

9. ECL detection reagents (Amersham Pharmacia Biotech, Tokyo, 
Japan). 
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Fig. 1. Microwave processor, MI-77. 



2.3. Tissue 
Homogenization 



1. RIPA (radioimmunoprecipitation) buffer: 20 mM Tris-HCl, 
0.1% SDS, 1% Triton X-100, 1% sodium deoxycholate, pH 7.4. 



3. Methods 



3. 1. Preparation 
of Sam pies 



1. Three 6-week-old specific pathogen-free male Wistar rats 
(Shizuoka Laboratory Animal Center, Shizuoka, Japan) were 
purchased, and two of them received a single intraperitoneal 
injection of 15 mg iron/kg of ferric nitrilotriacetate (Fe-NTA) 
freshly prepared as previously described (8). 

2. The rats were killed 6 and 24 h after Fe-NTA administration, 
respectively. One animal served as an untreated control. 

3. After euthanasia of the animal, kidneys were immediately 
excised and homogenized in RIPA buffer. 
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3.2. SDS-PAGE and 
Membrane Transfer 



3.3. Western Blotting 
forActin 



4. The supernatant collected after centrifugation at 15,000 x^for 
15 min was used after the determination of protein concentra- 
tion with BCA protein reagents (Pierce, Rockford, IL, USA). 

Western blotting was carried out after 10% SDS-PAGE under 
reducing conditions (4 jug of protein in each lane) and semi- 
dry blotting on PVDF membranes with a standard method as 
described in other chapters. 

1 . The PVDF membrane after transfer was incubated in Blockace 
solution for 1 h at RT on a rocking platform. 

2. The blocking solution was discarded and the membrane was 
washed in TTBS solution three times for 5 min each at RT. 

3. They were incubated with primary antibody (anti-actin mon- 
oclonal antibody, diluted to 1:2,000). During the antibody 
incubation period, intermittent microwave irradiation was 
applied. The conditions were as follows: 4-s irradiation at 4-s 
intervals (2.45 GHz; 150, 250, or 350 W) with a temperature 
sensor set at 37°C and the rotation of the table at 6 rounds per 
min (see Note 1). For the antigen-antibody reaction on PVDF 
membrane, a new sheet of parafilm "M" was pressed with fin- 
gers and completely attached to the smooth plastic surface of 
a moisture chamber. A PVDF membrane was placed over each 
of diluted antibody (50 juL antibody/cm 2 membrane) on the 
parafilm with the protein surface downward (Fig. 2). After 
the reaction, the antibody can be reused several times if stored 
properly (see Notes 2 and 3). 

4. Horseradish peroxidase-conjugated rabbit anti-mouse IgG 
(diluted 1:2,000) was applied in the same way after washing 
in TTBS (see Notes 2 and 3). 




Fig. 2. Procedures for microwave irradiation. (A) Blotted membrane was placed over an aliquot of diluted antibody on 
parafilm "M"; arrow, antibody. The antibody was distributed homogeneously by surface tension. A moisture chamber was 
used upside down. (B) The lid was replaced, and the membrane was ready for microwave irradiation. See Subheadings 
2 and 3 for details (reproduced from (9) with permission). 
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5. Finally, ECL detection reagents were used according to the 
manufacturer's instruction for visualization of the signals on 
the film. The exposure time of the membrane to the film was 
1 min (see Notes 2 and 3). 



4. Notes 



1 . We advise to avoid using microwave machines used for cooking 
because their power is usually too strong (600-1,200 W) for 
this purpose. 

2 . After membrane transfer and blocking, our former routine pro- 
cedure consisted of 1 -h incubation with primary antibody at 
RT, three 5 -min washes in TBST, 1-h incubation with second- 
ary antibody at RT, and three 5 -min washes with TBST. When 
the incubation periods with antibody were shortened to 1 5 and 
5 min, respectively, the signals were greatly decreased (Fig. 3). 
However, if the incubation was performed under intermittent 
microwave irradiation with the same shortened incubation 
periods, signals with enough intensity were observed. While 
a microwave intensity of 150 and 250 W worked well, 350-W 
irradiation induced either rather decreased signals (Fig. 3) 
or unspecific bands (data not shown). When the incubation 
periods were shortened to 5 and 1 min, respectively, the sig- 
nals were too weak even with microwave irradiation (data not 
shown). Furthermore, with the use of microwave irradiation, 
we found that two 5 -min washes with ample TTBS were suffi- 
cient for a clean background. This is probably because nonspe- 
cific attachment of antibodies to the membrane is minimized 
with shorter incubations. 

3 . Standard incubation periods under this intermittent microwave 
irradiation are as follows: 15 min for primary antibody, 2x5 
min washes, 5 min for secondary antibody, 2x5 min washes. 



Microwave (-) 


H 


150W 


250W 


350W 


Incubation Time 










Primary Ab 60 min 


15 min 


15 min 


15 min 


15 min 


Se co nda r y Ab 60 m i n 


5 min 


5 min 


5 min 


5 min 



43kD ► 

Fig. 3. Intermittent microwave irradiation facilitates antigen-antibody reaction in western blot analysis. Lysates of three 
different rat kidney samples were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and 
transferred to polyvinylidene difluoride membrane. Western blot analyses for actin were performed. Samples from left to 
right; untreated control kidney, kidney obtained 6 and 24 h after a single ferric nitrilotriacetate administration. Refer to 
text for details (reproduced from (9) with permission). 
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Chapter 34 



Detection of Protein-Protein Interactions 
by Far-Western Blotting 

Kazuya Machida and Bruce J. Mayer 



Summary 

Far-western blotting is a convenient method to characterize protein-protein interactions, in which protein 
samples of interest are immobilized on a membrane and then probed with a nonantibody protein. In contrast 
to western blotting, which uses specific antibodies to detect target proteins, far-western blotting detects 
proteins on the basis of the presence or the absence of binding sites for the protein probe. When specific 
modular protein binding domains are used as probes, this approach allows characterization of protein-protein 
interactions involved in biological processes such as signal transduction, including interactions regulated 
by posttranslational modification. We here describe a rapid and simple protocol for far- western blotting, 
in which GST- tagged Src homology 2 (SH2) domains are used to probe cellular proteins in a phosphorylation- 
dependent manner. 

Key words: Protein-protein interaction, Far- western blotting, GST fusion protein, Affinity puri- 
fication, SH2 domain, Tyrosine phosphorylation, Reverse-phase assay 



1. Introduction 



Far- western blotting is a method of characterizing protein-protein 
interactions, in which protein samples of interest are separated 
by gel electrophoresis, immobilized on a membrane, and then 
probed with a nonantibody protein (1). The term "Far- western" 
was derived from western blotting, a similar method in which 
membranes are probed directly with specific antibodies, and is 
also referred to as a West- western or blot overlay assay (2-4). 
Nonantibody proteins have been also used as a means to screen 
phage-based expression libraries (2, 5-7). 
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Far-western blotting is very different from other commonly 
used methods to detect and characterize protein-protein inter- 
actions, and therefore complements these other approaches. 
Because the probe protein directly binds to denatured/sepa- 
rated proteins immobilized on a membrane, far- western blotting 
detects only direct interactions; by contrast, most non- far- western 
protein binding assays, such as immunoprecipitation and pull- 
down assays, may detect either direct association (two proteins 
make contact directly) or indirect association (two proteins do 
not make contact, and another molecule in the ternary complex 
mediates the association). Thus the far- western assay is often used 
to confirm direct interaction following immunoprecipitation or 
pull down assays. 

The ability of far- western blotting to detect direct interactions 
is offset by limitations in the types of protein-protein interactions 
that can be detected. Because target proteins in a cell lysate are 
usually denatured in the process of gel electrophoresis, it may 
be difficult or impossible to detect interactions that require the 
native, folded conformation of the target protein. For this reason, 
far- western blotting has been particularly useful in characterizing 
the binding partners of modular protein binding domains that 
bind to short, linear peptide motifs. It is now apparent that many 
signaling proteins interact with their partners via such modular bind- 
ing domain-pep tide interactions, thus the far- western approach 
is quite useful for analysis of signaling networks. However, these 
differences highlight the importance of taking care to use multiple 
approaches to assess specific protein-protein interactions. 

In far-western blotting, either a whole protein or a fragment 
of a protein containing a suspected binding interface is used to 
probe interaction partners immobilized on a membrane. The 
interaction is visualized by direct labeling of the probe or by 
its subsequent detection with antibodies (Fig. la). There are a 
number of considerations in selecting the specific probe. First, 
ease of growth and purification of the probe must be considered. 
For the sake of cost and convenience, expressing probe proteins 
in bacteria is advantageous. However, only relatively small pro- 
teins (less than -100 kDa) tend to remain soluble when grown 
in bacteria, so in general a fragment of a protein containing only 
the known or suspected binding domain will be easier to work 
with than the full-length protein. Second, it is useful to fuse the 
probe protein or domain to a tag sequence for ease of purification 
and detection. We routinely make probe proteins as glutathione 
S- transferase (GST) fusions, which have the dual advantage of 
allowing purification of proteins on glutathione columns, and 
allowing detection of bound probe with glutathione conjugates 
or with anti-GST antibodies. A further advantage of GST fusions 
is that GST exists as a stable dimer in solution. As in the case 
of antibodies, a dimeric probe binds with much greater avidity 
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Fig. 1 . Comparison of western and far-western blotting. (A) Schematic representation of both methods. Box, bait protein 
and protein X interact via modular interaction domain and interaction motif. Left, western blotting uses antibodies raised 
against a target protein X to detect its presence. Middle and right far-western blotting uses a protein probe containing 
a modular interaction domain or a short interaction motif, fused to a tag moiety (e.g., GST), to detect protein X based 
on presence of its binding sites. Specific interaction of far-western blotting is visualized by antibody-based detection 
(middle) or by direct labeling using isotope or an enzyme-conjugated affinity reagent, e.g., glutathione-HRP (right). (B) 
Application of both methods. Breast cancer patient-derived samples (tumor 1-12) were immobilized on a membrane, 
and then identical membranes were probed with anti-EGFR antibody (left, western blotting) or GST-PI3K SH2 domain 
fusion (right, far-western blotting). Whereas both results look similar, interpretation of the results is somewhat different; 
the western result indicates a presence of EGFR in sample lane 5, 6, and 12, while the far-western result indicates a 
presence of PI3K SH2 domain recognition sites on a protein which is likely to be EGFR (arrow). In addition, the far- 
western probe also detected an uncharacterized PI3K SH2-binding protein (asterisk) that can potentially distinguish 
tumor 6 from 5 and 12, not otherwise detected by western blotting. 



compared to a monomer to targets containing multiple binding 
sites, such as a membrane surface bearing many molecules of a 
target protein. 

In contrast to western blotting where a target protein is usually 
known in advance, far- western blotting can detect proteins on the 
basis of presence or absence of binding sites without any previous 
knowledge about their identities (Fig. la, b). From the intensity 
of bands observed on a far- western blot of a complex mixture 
of proteins, one can gain insight into both the number and the 
relative affinity of binding partners for the probe in that sam- 
ple. Furthermore, since some protein binding domains recognize 
their targets only after specific posttranscriptional modifications, 
far-western blotting can be used to assess the modification status 
of multiple proteins in a sample (8-10). In this chapter, we will 
present a specific example of the utility of far- western blotting 
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methods, in which GST- tagged Src homology 2 (SH2) domains, 
which bind specifically to tyrosine -phosphor ylated target pro- 
teins, are used to probe the state of tyrosine phosphorylation of 
cellular proteins. 



2. Materials 



2. 1. Subcloning 

of GST-SH2 Construct 



2.2. Evaluation 
of GST-SH2 Clones 



1. pGEX-6Pl (GE Healthcare, Milwaukee, WI, USA). 

2. Luria-Bertani (LB)-ampicillin agar plate: LB agar plate with 
100 |Llg/mL ampicillin. 

3. Pfu DNA polymerase (Stratagene, La Jolla, CA, USA). 

4. Custom oligonucleotide primers. 

5. Competent bacteria (strain NB42 or DH5oc). 

1. LB -ampicillin: LB broth with 50 |Lig/mL ampicillin. 

2. Isopropyl-(3-d-thiogalactoside (IPTG). 

3. Bacteria Triton X-lysis buffer (BXB): Phosphate buffered 
saline (PBS) with 100 mM ethylene diamine tetraacetic acid 
(EDTA), 1% Triton X-100; add phenylmethyl sulphonyl flu- 
oride (PMSF) to 1 mM, aprotinin (Sigma Chemical Co., St. 
Louis, MO, cat. no. A6279) to 1% v/v (3 trypsin interna- 
tional units (TIU)/mL), dithiothreitol (DTT) to 1 mM just 
before use. 

4. Sonicator with microtip probe (e.g., Branson Sonifier 450 or 
equivalent). 

5. 5X sample buffer: 0.3 M Tris-HCl pH 6.8, 10% sodium 
dodecyl sulfate (SDS), 25% (3-mercaptoethanol, 0.1 mg/mL 
bromophenol blue, 45% glycerol. 

6. Glutathione Sepharose 4B (GE Healthcare). 

7. 12% SDS-polyacrylamide gel electrophoresis (PAGE) mini 
gel (see Subheading 2.4). 

8. Control lysates (see Subheading 2.4). 

9. Antiphosphotyrosine antibody (Cell Signaling Technology, 
Beverly, MA, PY1 00). 

10. Coomassie Blue solution: 40% methanol, 10% acetic acid, 
0.25% Coomassie Blue R-250. 

11. Fix solution: 20% methanol, 10% acetic acid. 

12. Bacteria stock solution: 50% glycerol (autoclaved). 

13. Cryogenic tubes. 
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2.3. Large-Scale 
Preparation of 
GST-SH2 Probe 



1. Tris-NaCl-EDTA (TNE) buffer: 50 mM Tris-HCl pH 7.4, 
150 mM NaCl, 10 mM EDTA; add aprotinin to 1% (3 TIU/ 
mL), PMSF to 1 mM just before use. 

2. Chromatography column (Bio-Rad Laboratories, Hercules, 
CA, poly-prep, 0.8 x 4 cm). 

3. Elution buffer: 20 mM reduced glutathione, 100 mM Tris- 
HCl, pH 8.0; add aprotinin to 1% (3 TIU/mL), PMSF to 
1 mM just before use. 

4. Sephadex G-25 PD-10 column (GE Healthcare). 

5. Dialysis membrane tubing (Spectra/Por, Laguna Hills, CA, 
molecular weight cut-off 3500). 

6. PBS with 10% glycerol. 

7. Bio-Rad Bradford dye reagent (Bio-Rad Laboratories, cat. no. 
#500-0006). 

8. Ultrafiltration membrane (Amicon, Danvers, MA, YM10). 



2.4. Far-Western 
Blotting 



1. Kinase lysis buffer (KLB): 150 mM NaCl, 25 mM Tris-HCl 
pH 7.4, 5 mM EDTA, 1% Triton X-100, 10% glycerol, 0.1% 
sodium pyrophosphate, 10 mM (3 -glycerophosphate, 10 mM 
sodium fluoride (NaF); add aprotinin to 1% (3 TIU/mL), 
PMSF to 1 mM, pervanadate (50 mM orthovanadate, 4% 
hydrogen peroxide) to 50 |LiM just before use. 

2. Sodium orthovanadate: dissolve powdered sodium ortho- 
vanadate (final concentration will be 50 mM, but leave 
some extra volume for multiple rounds of pH adjustment); 
adjust with NaOH to pH of 10 (solution will turn bright 
yellow); boil in microwave until colorless, then stir until 
cooled to room temperature; adjust pH once again to 10, 
and repeat boiling; continue boiling and adjusting pH 
as above until pH stays at 10 after boiling (usually three 
rounds total); adjust volume for 50 mM, filter, and store at 
room temperature (RT). 

3. Pervanadate solution: mix 16-|LlL concentrated hydrogen per- 
oxide and 100 |LiL 50 mM sodium orthovanadate; incubate 
at RT for 30 min (not stable, needs to be freshly prepared 
before use). 

4. Positive control lysates: equal amounts of KLB lysate from 
pervanadate-treated NIH 3T3, HepG2, A431, and MR20 
cells were combined. 

5. Negative control lysate: lysates of each cell line were prepared 
in the absence of vanadate, combined, and treated with tyro- 
sine phosphatase PTP-1B for 1 h at RT. 

6. 12% SDS-PAGE gel (1.0 mm thickness, for three mini -gels). 
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Stock solutions 


Resolving gel 


Stacking gel 


Acrylamide/bis-acrylamide 


20 mL 


2.2 mL 


(30%/0.8%,w/v) 


lMTris-HCl(pH8.8) 


18.6 mL 


— 


lMTris-HCl(pH6.8) 


— 


2.1 mL 


Distilled water 


10.5 mL 


12.2 mL 


10% SDS 


500 uL 


167 uL 


10% Ammonium persulfate 


500 uL 


125 uL 


TEMED 


16.7 jiL 


16.7 JiL 



7. Electrophoresis buffer: 25 mM Tris, 192 mM glycine, 0.1% 
SDS. 

8. Nitrocellulose membrane (Schleicher & Schuell, Keene, NH, 
0.2-|Lim pore, BA83). 

9. Transfer buffer: 10 mM 3-(cyclohexylamino)-l-propanesul- 
fonic acid (CAPS), pH 11, 20% methanol, kept at 4°C. 

10. Tris buffered saline-Tween 20 (TBST): 25 mM Tris-HCl, 
pH 8, 150 mM NaCl, and 0.05% v/v Tween-20. 

11. Blocking solution: 10% fat-free milk in TBST, 1 mM EDTA, 
1 mM sodium orthovanadate. 

12. Labeling reagent: Glutathione-HRP conjugate (Sigma, 
G6400, production discontinued) or anti-GST-HRP conju- 
gate (Sigma, A7340). 

13. Chemiluminescence kit: 



Product 


Maker 


Sensitivity 


Background 


RPN2106 


GE Healthcare 


Medium 


Low 


NEL103 


PerkinElmer, Boston, MA 


High 


Medium 


#34079 


Pierce, Rockford, IL 


Very high 


High 


RPN2132 


GE Healthcare 


Very high 


High 



2.5. Stripping 
and Reprobing 



We routinely use NEL103. 

14. Imaging: X-ray film (Kodak, Rochester, NY, cat. no. 
#1651454); CCD detection system (Kodak, Image Station 
2000R). 

1. Acidic stripping buffer: 100 mM Glycine-HCl pH 2.0. 

2. SDS-ME stripping buffer: 2% SDS, 100 mM (3-Mercaptoeth- 
anol, 62.5 mM Tris-HCl pH 6.8. 
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3. Methods 



As for western blotting, protein samples are separated by SDS- 
PAGE and transferred to a nitrocellulose or polyvinylidene 
fluoride (PVDF) membrane. The blocked membrane is then 
incubated with a probe followed by appropriate wash and bound 
probes are visualized. Generally any protein samples compatible 
with western blotting can be used including whole cell lysates, 
purified proteins, and native or denatured samples. The far- 
western method described here is a rapid and simple protocol in 
which the membrane is prepared without denature-renature pro- 
cedures, the probe is labeled directly, and probing is performed in 
one step (8). This protocol has been optimized to detect in vitro 
interaction between modular binding domain probes and immo- 
bilized proteins containing short peptide motifs (see Note 1). Of 
note, alternative protocols are available including another exam- 
ple in which proteins containing modular domains on a mem- 
brane are probed with labeled binding motifs (4, 11, 12). Below, 
we present a specific protocol for generating GST-SH2 domain 
probes and using them to probe tyrosine -phosphorylated whole 
cell lysates. Of course these procedures can be adapted for any 
modular protein binding domain and its binding partners with 
minor modifications. 

For all far- western blotting methods, detection of specific 
signal is strongly dependent on the quality of the probe protein. 
Insolubility, aggregation, or denaturation of the protein tends to 
cause nonspecific background, and even the native probe may 
bind nonspecifically to abundant proteins in the sample. Thus it 
is important to (1) confirm purified probe is soluble, folded, and 
not significantly degraded; (2) evaluate activity of the probe and 
optimize binding conditions if needed; and ( 3 ) always include 
appropriate positive and negative controls for each experiment to 
ensure any positive signal is indeed specific. To address these con- 
siderations, in the following section we will describe a detailed 
protocol for generation and evaluation of GST-SH2 fusion 
probes. Appropriate controls should be prepared considering 
the intended physiological activity of the probe; as an example, 
several control blots for specific SH2-phosphotyrosine interac- 
tion are presented in Fig. 2b. At minimum, GST alone, or more 
ideally GST fused to the domain of interest bearing a mutation 
known or suspected to abolish specific binding activity, should be 
used as a negative control probe. 



3. 7. Subcloning of 
GST-SH2 Construct 



2. 



Retrieve cDNA and protein sequences of a SH2 domain - 
containing protein of interest, e.g., at NCBI Entrez Gene (see 

Note 2). 

Find location of the SH2 domain using the protein sequence 
at ScanProsite. 
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Fig. 2. Generation and evaluation of GST-tagged probes. (A) Testing solubility of GST fusion proteins. GST fusions of Csk 
and Cis1 SH2 domains were expressed in £ co//at regular (37°C, 1 h) and low (15°C, overnight) culture temperatures. 
Protein fractions from affinity purification are visualized by Coomassie Brilliant Blue (CBB) staining: whole cell fraction 
(total); Triton-soluble fraction (soluble); and fraction bound to glutathione-agarose beads (GSH-bound). The beads frac- 
tion represents twice the relative amount of original culture as total and soluble fractions. Cis-SH2 was much less soluble 
than Csk-SH2, but its solubility was improved by expression at low temperature. (B) Evaluation of GST-SH2 probes. 
Identical blots of pervanadate-treated lysate (plus) and POV-untreated, phosphatase-treated lysate (minus), were pre- 
pared. To validate specific interaction of a probe with target proteins, different probes were used for following purposes: 
antiphosphotyrosine antibody (anti-pTyr), indicator of tyrosine phosphorylation; anti-tubulin antibody, loading control; 
GST, negative control probe; GST-SH2 domain of Abl, experimental probe; and GST-SH2 Abl mutant, loss-of-function 
mutant probe. (C) Optimization of protein loading. A membrane with various amounts of POV-treated lysate was probed 
with a GST fusion with N-terminal SH2 domain of SHP-2. High affinity ligand proteins for the SH2 domain are selectively 
detected with a 2 jig protein per lane, while more proteins are detected with increased protein loading. 



3. Find the nucleotide sequence corresponding to the SH2 
domain using the sequence editor program (see Note 3). 

4. Find academic or industry source for corresponding cDNA 
(see Note 4), otherwise clone the cDNA by RT-PCR method. 

5. Design primers for PCR (see Note 5). 

6. Amplify the SH2 fragment by PCR using the oligonucleotide 
primers and the cDNA template. 
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7. Digest the PCR product, and then purify the fragment from 
an agarose gel. 

8 . Insert the purified SH2 fragment into a pGEX vector digested 
with appropriate restriction enzymes. 

9. Transform competent bacteria and grow overnight on LB- 
ampicillin agar plate (see Note 6). 

3.2. Evaluation of Protein expression and solubility of GST-SH2 clones can be 

GST-SH2 Clones tested quickly in small-scale bacterial cultures (see Note 7), and 

the activity of the probe can be tested at the same time by a con- 
trol pull- down assay. 

1. Inoculate 0.4 mL dense liquid culture of bacteria into 1.6 
mL fresh prewarmed LB-ampicillin. 

2. Shake at 37°C for 1 h. 

3. Add IPTG to 0.1 mM and shake at 37°C for 1 h to induce 
protein expression. 

4. Transfer 1.5 mL bacteria to microcentrifuge tubes and spin 
at 10,000 x £f at 4°C for 2 min in microfuge. 

5. Remove supernatant and resuspend bacterial pellet in 0.4 
mLBXB. 

6. Vortex to resuspend, then sonicate briefly (e.g., 2-5 s at rela- 
tively low power) on ice to break cells, let sit on ice, then 
repeat. Try to avoid foaming; if foaming occurs, let rest on 
ice for a few minutes to allow foam to dissipate. 

7. Remove 10 |LiL of total lysate, add 2.5 \xL 5x sample buffer 
for gel (total cell fraction, Fig. 2a). 

8. Spin rest of lysate for 5 min in microfuge at 10,000 x g at 
4°C, transfer supernatant to a new tube. 

9. Take 10 |LiL of the cleared lysate for gel as above (soluble 
fraction, Fig. 2a). 

10. Take 100 |LiL of cleared lysate and add to 10 |LiL glutathione- 
agarose bead slurry (cut end off pipet tip with razor blade to 
more accurately pipet beads). 

11. Rotate at 4°C for 30 min. 

12. Spin out briefly, and wash beads 3x with 1 ml cold BXB. 

13. Resuspend the bead pellet with BXB, take 10 |xl, and add 2.5 
jllI 5x sample buffer for gel (GSH-bound fraction, Fig. 2a) 

(j^Note 8). 

14. Boil all samples and run on 12% SDS gel. 

15. When gel is done, stain for 15 min with Coomassie blue 
solution, destain with fix solution, and then dry (Fig. 2a) 

(j^Note 9). 



of GST-SH2 Probe 
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Steps 16-19: Evaluate pTyr binding activity by GST pull- down 
assay (optional) 

16. Incubate remaining beads (GSH- bound fractions for pGEX- 
SH2 clones and a control pGEX clone, if any) with 10 |Lig cell 
lysates (see Note 10). 

17. Rotate for 1 h at 4°C, and wash three times with BXB. 

18. Boil all samples and run on 12% SDS gel (see Note 11). 

19. Perform western blotting with anti-phosphotyrosine anti- 
body (see Note 12). 

20. Subject positive clones to DNA sequencing and store bacte- 
ria in 25% (v/v) sterile glycerol at -70°C. 

3.3. Large-Scale GST-SH2 probe is purified following the standard protocol for 

Preparation preparation of GST fusion proteins using pGEX series bacterial 

expression vectors (13) (see Note 13). 

1. Inoculate frozen stock culture of a verified GST-SH2 clone 
in 50-mL LB-ampicillin overnight. 

2. Inoculate 50 mL of dense overnight culture to 1 L LB-amp- 
icillin. Shake at 37°C for 2 h (see Note 14). 

3. Add IPTG to 0.1 mM. Shake at 37°C for 3 h (see Note 15). 

4. Centrifuge at 5,000 x g at 4°C for 10 min. 

5. Resuspend pellet with in 5-20 mL ice-cold BXB, transfer to 
50-mL tube, and sonicate on ice until cells are broken (see 
Note 16). 

6. Centrifuge at 5,000 xjy at 4°C for 10 min to remove debris 
(fltf Note 17). 

7. Add glutathione -agarose to supernatant: 3 mL bead slurry 
per liter original culture. 

8. Rotate at 4°C about 1 h (up to 2 h). 

9. Wash beads with TNE buffer: spin out beads at low speed, 
remove supernatant, and resuspend beads in fresh buffer. 
Repeat 3-5 times. 

10. To elute GST-SH2, pour beads into small disposable col- 
umn, elute with approximately three bead volumes of elu- 
tion buffer (see Note 18). 

11. Change buffer by gel filtration on a Sephadex G-25 PD-10 
column according to the supplier's instructions. Briefly, 
equilibrate column with approximately 25 mL PBS- 10% 
glycerol. Discard the flow- through. Add sample followed by 
buffer up to a total volume of 2.5 mL. Discard the flow- 
through. Elute with 3.5 mL buffer (collect seven 0.5 mL 
fractions of the eluate in separate tubes (see Note 19). 
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3.4. Far-Western 
Blotting 



3.5. Stripping 
and Reprobing 



12. Estimate relative protein concentration with Bio-Rad Brad- 
ford dye reagent, combine top three fractions into one tube 
(see Note 20). 

13. Determine protein concentration by Bradford assay, take 
500 |Lig of protein and dilute to 0.1 |ag/|LiL with PBS-10% 
glycerol, and aliquot 50 |LlL diluted probe into chilled micro- 
centrifuge tubes. Store the aliquots and the undiluted probes 

at-70°C(^Note21). 

14. Evaluate the purification fractions by 12% SDS gel as in Sub- 
heading 3.2 (see Note 22). 

1. Separate proteins on SDS-polyacrylamide gels and transfer 
to nitrocellulose or PVDF membranes following general 
western blotting protocol (see Note 23). 

2 . Block membranes in blocking solution for about 1 h at room 
temperature or at 4°C overnight (see Notes 24 and 25). 

3. To label probe, thaw the stored probe on ice and add 5 |LiL 
GSH-HRP conjugate (0.1 |Xg/|xl) to 50 jllI of diluted probe 
(0.1 |xg/|il) (see Note 26). 

4. Incubate on ice for about 1 h. Labeled probes can be stored 

at4°C(^Note27). 

5 . Dilute labeled probe to optimal concentration with blocking 
buffer and apply to the blocked membrane (see Note 28). 

6. Let probe bind for 1-2 h at RT, then wash with multiple 
changes TBST for 20 min. 

7. Visualize signal by enhanced chemiluminescence according 
to manufacturer's instruction (see Note 29). 

8. Take appropriate exposure using X-ray films or an image 
analyzer e.g., Kodak Image Station system (see Note 30). 

Generally, fresh membranes are best for far-western blotting; 
stripping and reprobing of the membrane may result in signifi- 
cant signal loss and increased nonspecific background. Neverthe- 
less recycling membranes might be beneficial if sample is limited, 
or if precise comparison of specific bands is needed within the 
same membrane. 

1. After initial probing, keep membrane wet; it can be stored 
wet, wrapped in plastic wrap, at 4°C (up to a week) or -20°C 
(for longer period). 

2. Rinse the membrane twice with TBST. 

3. Immerse membrane in stripping buffer at RT for 20 min 
under gentle rocking agitation (see Note 31). 

4. Wash membrane in large volume of TBST at RT for 45 min 
with frequent shaking. 

5. Proceed to blocking and reprobing. 
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4. Notes 



1. This approach, termed as reverse-phase assay, maximizes signal 
to noise when the concentration of analyte is low (e.g., tyrosine - 
phosphorylated proteins in whole -cell lysates), because efficient 
binding to the immobilized analyte can be driven by high con- 
centrations of the SH2 domain probe in solution (9). 

2. Useful information about modular interaction domains is avail- 
able at Web-based databases: NCBI Entrez Gene (http:// 
www.ncbi.nlm.nih.gov/sites/entrezMb = gene); ScanProsite 
(http://us.expasy.org/cgi-bin/scanprosite); The Human Pro- 
tein Reference Database (http://www.hprd.org/index_html); 
UniGene (http://www.ncbi.nlm.nih.gov/sites/entrezMb- uni- 
gene); ATCC (http://www.atcc.org/catalog/all/allIndex.cfm); 
The SH2 domain information sites of the Nash Lab (http:// 
proteoscape.uchicago.edu/sh2/), the Pawson Lab (http://paw- 
sonlab . mshri . on . ca/index .php ? op tion- com_content&task= vie 
w&id-30&Itemid-63), Li Lab (http://lilab.uwo.ca/SMALI. 
htm), and Mayer Lab (http://155.37.79.139/fmi/iwp/cgi?- 
db=Mayer%20Lab%20SH2%20Database&-loadframes). 

3. Several sequence editing programs are available, e.g., CLC 
Free Workbench (http://wwwclcbio.com/index.php?id=28). 

4. Large collections of full-length or partial cDNAs are now com- 
mercially available at reasonable prices, e.g., Image Consortium 
(http://image.llnl.gov/). To find appropriate cDNA clone, go 
back and forth between NCBI Entrez Gene site and Unigene 
sites; referring to the SH2 nucleotides, find Image clones that 
contain intact SH2 domain. Check availability of the Image 
clone at ATCC site and locate an ATCC ordering number. 

5. To ensure maximal binding activity and solubility, we usually 
include 5-10 amino acids N- and C-terminal to the domain 
boundary for an SH2 domain probe. In some cases, yield and 
solubility of the fusion protein are greatly affected by the pre- 
cise borders of the construct. Structural studies, if any, are 
useful when planning the borders for any modular domain. 
PCR primers should have approximately 24 nucleotides of 
homology to the template; the 5' end should have five C's 
(this clamps the end, allowing efficient digestion with restric- 
tion nucleases) followed by a restriction site to be used for 
cloning in-frame into the pGEX expression vector, followed 
by the region with homology to template. 

6. We routinely use E. coli NB42, which lacks the two major pro- 
teases; this may help increase yields by limiting degradation 
(14). Similar results can be obtained with typical laboratory 
strains such as DH5oc, though yields may be somewhat lower 
and bacterial growth is slower. We do not routinely 
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perform restriction endonuclease mapping or DNA sequenc- 
ing of plasmids at this step, instead we immediately test pro- 
tein expression of clones as below. 

7. Solubility is one of the major determining factors of probe 
activity in far- western blotting. In our hands about half of the 
GST-SH2 domains are relatively insoluble, and highly insol- 
uble domains give poor yields and tend to lack detectable 
binding activity (9). Multiple strategies to improve solubil- 
ity have been reported (15-18). We have observed that, for 
about two -thirds of insoluble GST-SH2 proteins, solubility 
could be significantly improved when protein is expressed in 
bacteria at lower temperature (e.g., 15°Cvs. 37°C, Fig. 2a). 

8. If solubility of the GST fusion is unknown, volume used to 
resuspend beads should be adjusted to load 2-10 -fold more 
of the bead- bound fraction relative to total cell fractions on 
gel to visualize the band (e.g., twofold, Fig. 2a). 

9. A GST-SH2 band of about 40 kDa in size should be easily vis- 
ible as in Fig. 2a, although the degree of protein expression and 
solubility may vary depending on the constructs (see Csk SH2 
vs. Cis SH2 in Fig. 2a). If protein degradation is observed on 
gel, care must be taken in the large-scale purification. 

10. Use positive and negative control lysates for pull-down; as an 
active SH2 domain should bind to tyrosine -phosphor ylated 
proteins, we use pooled lysates of pervanadate- treated cell 
lines as a positive control (pervanadate inhibits endogenous 
protein tyrosine phosphatases, thus strongly enhancing tyro- 
sine phosphorylation in vivo). Corresponding pooled lysates 
lacking tyrosine phosphorylation (prepared in the absence of 
phosphatase inhibitors and then treated with phosphatase in 
vitro) serve as a negative control. 

11. The gel lanes should contain: positive control lysate 5 |Lig; 
negative control lysate 5 |Lig; pull- down positive control 
with GST- bound beads; pull-down negative control with 
GST-bound beads; pull-down positive control with GST- 
SH2-bound beads; pull-down negative control with GST- 
SH2-bound beads. 

12. In the pull-down result, a functional GST-SH2 protein 
should have increased anti-pTyr signal relative to GST con- 
trol. If GST-SH2 is of correct size (and sequence) but the 
pull-down result is not clearly positive, activity of the probe 
could be re-evaluated by far- western assay (see Subheading 
3.4 and Fig. 2b). 

13. We routinely obtain about 5-10 mg fusion protein per liter 
of bacteria using the protocol described here (less if the 
protein is less soluble). 

14. Usually an OD of 0.4-0.6 is optimal at this step. 
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15. If the protein is highly insoluble, consider protein expression 
at lower temperature: cool down culture with ice before add- 
ing IPTG, then add IPTG to 0.1 mM and shake at 30°C for 
4hor 15°C about 16 h. 

16. Sonication time 2-3 min total with microtip at power setting 
3-4; solution should become slightly darker and less turbid- 
looking. Avoid foaming and overheating the lysate (let solu- 
tion rest on ice if it warms up detectably ) . 

17. Supernatant does not have to be absolutely clear at this step. 

18. If the elution yield is found to be suboptimal, the following 
conditions may help: shorter incubation time of lysate with 
glutathione beads (-30 min); higher pH (up to 9.6) and 
glutathione concentration (up to 50 mM) in elution buffer; 
iterative batch elution (2-3 x 30 min). 

19. Alternatively, the eluate can be dialyzed overnight against 
several large volumes of PBS- 10% glycerol. 

20. To quickly check relative protein concentration, add 2 |LiL 
of each PD-10 elution fraction to 50 |LiL diluted Bradford 
dye and vortex. Pool the top three fractions with brightest 
blue color. If color change is not obvious (this occurs when 
protein concentration is less than 0.2 |Llg/|LlL), take third to 
fifth fractions and proceed to ultrafiltration for concentration 
(below). 

21. If protein concentration is low (<0.5 |Lig/|LiL or so), sam- 
ple can be concentrated by ultrafiltration (YM-10, Amicon) 
according to manufacturer's instructions. 

22. It is important to take aliquots at every step of purifica- 
tion. Take the same fraction of the total at each step (e.g., 
1/5,000 of total prep) to monitor percent recoveries at each 
step. Retain the pellet after sonication and the supernatant 
after bead binding at -70° C in case the majority of the fusion 
protein is there. If final product is highly degraded, we rec- 
ommended re -evaluating parameters of purification such as 
prep scale, temperature of induction, protease inhibitors, 
EDTA concentration, sonication strength, etc. 

23. Amount of protein loading on gel is important for an opti- 
mal result, and thus should be carefully considered (Fig. 2c). 
We usually load 10-50 |Lig of whole-cell protein lysate per 
lane for far- western blotting with GST-SH2 domains. We 
routinely use a nitrocellulose membrane with 0.2-|Lim pore 
size. We find the advantages of nitrocellulose compared to 
PVDF are ease of use (no pretreatment is needed) and better 
signal -to -noise ratio (our observation). 

24. Composition of blocking solution is important to maximize 
signal to noise. Strong blocking buffer lowers background 



Detection of Protein-Protein Interactions by Far-Western Blotting 327 

but may decrease or eliminate specific signal. We obtained 
best results with 10% non-fat milk-based buffer for GST- 
SHI domain probes. For other probes, optimal conditions 
should be determined empirically; blocking buffer contain- 
ing 5-10% non-fat milk (strongest), 1-5% bovine serum 
albumin (BSA) (moderate), or 1-5% ovalbumin (moderate) 
can be tested. 

25. Transferred membrane can be stored at -20°C for later use: 
rinse with TBST once and wrap in plastic wrap. Care should 
be taken to avoid damaging the membrane, which causes 
undesirable background signal. 

26. GSH-HRP (1 |Xg/|xl in PBS-10% glycerol) can be stored at 
-70°C. Recently Sigma has discontinued production of this 
conjugate. If GSH conjugate is unavailable, we have found 
that anti-GST-HRP conjugate can be used in the same way, 
with some decrease in signal strength. To label GST fusion 
probe, add 0.2 |LiL (~3 |Lig) antibody to 50 |LiL (5 |Lig) of diluted 
probe (0.1 |Llg/|LlL). This direct labeling method presumably 
promotes oligomerization of probe and HRP, increasing the 
avidity of binding to the target and the enhancing signal. 
In addition, this one-step probing and washing procedure 
is time saving and may avoid dissociation of probe during 
washes if probe binding is weak. 

27. Purification of the labeled probe is not needed. Labeled 
probe can be stored at 4°C with protection from light up to 
a month. 

28. Optimal concentration (maximum signal and low nonspe- 
cific background) should be determined empirically in pilot 
experiments. For GST-SH2 domains, optimal concentration 
ranges from 0.01 to 0.15 |LiM (most typically 0.05 |LiM) (9). 
Probing can be done either in a sealed nylon bag or in an 
open tray with a sufficient volume of solution (1-10 mL/10 cm 2 
membrane) with occasional agitation. Do not allow the 
membrane to dry at any point of the probing procedure 
through detection. 

29. Select chemiluminescence kit with appropriate sensitivity (see 
Subheading 2.4). It is important to cover whole blot area 
evenly during incubation, and to drain off excess chemilumines- 
cence reagent well (retained solution causes high background). 

30. Like western blotting, multiple parameters of the assay influ- 
ence the level of signal and nonspecific background, such 
as blocking buffer, probe concentration, incubation time 
and temperature, washing stringency, and detection system. 
Thus optimal conditions for a given GST-SH2 or other GST 
fusion probe should be customized empirically. In general, 
weak signal can be enhanced by decreased concentration of 
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non-fat dry milk in blocking buffer, increased probe concen- 
tration, milder washing, more sensitive chemiluminescence 
kit, and longer exposure times. 

31. If stripping is not sufficient with this method, try a more 
stringent condition using SDS-ME stripping buffer: briefly, 
immerse membrane at 50°C for 30 min under vigorous agi- 
tation, and then wash with TBST for 60 min with frequent 
shaking. 
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On-Membrane Tryptic Digestion of Proteins for Mass 
Spectrometry Analysis 

Jose L. Luque-Garcia and Thomas A. Neubert 



Summary 

Identification of proteins and characterization of posttranslational modifications are crucial steps for 
many biological, biochemical, and biomedical studies, and mass spectrometry has become the method of 
choice for these analyses. Here we describe two methods for the on-membrane digestion of proteins elec- 
troblotted onto nitrocellulose membranes prior to analysis by mass spectrometry. These on-membrane 
methods take approximately half the time of in-gel digestion and provide better digestion efficiency, due 
to the better accessibility of the protease to the proteins adsorbed onto the nitrocellulose, and better 
protein sequence coverage, especially for membrane proteins where large and hydrophobic peptides are 
commonly present. 

Key words: On-membrane digestion, Mass spectrometry, Nitrocellulose membranes, Tryptic diges- 
tion, Protein identification, Protein coverage, Membrane proteins 



1. Introduction 



Identification of gel-separated proteins is commonly followed by 
in-gel enzymatic digestion of the proteins immobilized in the 
gel followed by analysis of the digested peptides by mass spec- 
trometry (1). However, the effectiveness of in-gel digestion can 
be compromised by (a) the limited accessibility of the enzyme 
or the chemical cleavage to the proteins embedded into the gel 
and (b) the low recovery of large and/or hydrophobic digested 
peptides from the gel (2, 3). 

Different alternatives based on the electroblotting of the 
proteins in a gel onto nitrocellulose or poly(vinyldifluoride) (PVDF) 
membranes followed by on-membrane digestion have been developed 
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over the years (4, 5). One of the advantages of electroblotting 
the proteins is that after the transfer, the proteins are adsorbed 
onto the membrane and therefore, they are more available to the 
proteases, thus allowing more efficient digestions (2) and solving 
one of the limitations associated with in-gel digestion. 

The peptides generated by on-membrane digestion can be 
analyzed by MS using several different approaches (a) They can 
be directly analyzed on the membrane by MALDI-MS (6-8). 
In this case the matrix solution used to dissolve the nitrocellulose - 
bound peptides is crucial in order for the peptides to be incorpo- 
rated properly into the matrix crystals, (b) The peptides can be 
extracted from the membrane (9, 10). This approach, as for in-gel 
digestion, has an extraction step that may result in low recovery 
of large and/or hydrophobic peptides due to the strong protein- 
membrane binding (11). (c) They can be dissolved together with 
the membrane. In this approach, nitrocellulose membranes are 
used exclusively. It is based on the dissolution of the nitrocellulose 
in an organic solvent and thus, of the peptides adsorbed onto it. 
This last approach overcomes the limitations associated with 
in-gel digestion mentioned before because it bypasses the low- 
yield step of peptide extraction. This approach was first described 
by Liang et al. (12) using MALDI matrix solution prepared in 
100% acetone to dissolve the nitrocellulose membrane followed 
by MS analysis of the digested peptides. However, the 100% 
acetone used to dissolve the nitrocellulose can lead to par- 
tial peptide precipitation resulting in loss of peptides and thus, 
decreased sensitivity. 

Here we describe two methods (2, 13) in which most of the 
steps involved in the procedure are identical (those steps have 
been described just once in the text); the methods only vary in the 
way in which the peptides generated by on-membrane digestion 
are recovered for MS analysis. The "direct dissolution method" 
is an improvement of the method described by Liang et al. (12) 
and it uses a mixture of acetonitrile: methanol instead of 100% 
acetone to prepare the MALDI matrix solution, therefore mini- 
mizing protein loss most likely due to precipitation. On the other 
hand, in the "nitrocellulose-free method," the nitrocellulose is 
removed from the sample before MS analysis allowing the possi- 
bility of using (LC)-ESI-based mass spectrometers and increasing 
the sensitivity. 

The methods described here are suitable for either soluble or 
membrane proteins although they are especially recommended 
for the study of the latter, which can be very problematic due 
to the presence of hydrophobic domains. It is also notewor- 
thy that the on-membrane methods take approximately half 
the time of conventional in-gel digestion, and can provide 
more efficient tryptic digestions, thus producing fewer missed 
cleavage peptides. 
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2. Materials 



2.1. SDS-PAGE and 
Electroblotting 



1. Separating buffer (lOx): 1.5 M Tris-HCl, pH 8.8, 1% SDS. 
Store at room temperature (RT) (see Note 1). 

2. Stacking buffer (lOx): 0.5 M Tris-HCl, pH 6.8, 1% SDS. 
Store at RT. 

3. Thirty percent acrylamide/bis solution (at a 29:1 acryla- 
mide monomer: cross -linker ratio) (Bio-Rad, Hercules, CA). 
Unpolymerized acrylamide is a neurotoxin so care should be 
taken to prevent skin contact. Store at 2-8 °C. 

4. ^,^,^,^-Tetramethyl-ethylenediamine (TEMED). Store 
at RT in a desiccator. 

5. Ammonium persulfate: prepare 10% solution in water and 
immediately freeze in single use aliquots at -20°C. 

6. Isopropanol. Store at RT. 

7. Laemmli sample buffer (Bio-Rad, Hercules, CA, USA). 
Store at RT. 

8. Running buffer (5x): 125 mM Tris, 960 mM glycine, 0.5% 
SDS, pH 8.3. Store at RT. 

9. Kaleidoscope prestained molecular weight markers (Bio-Rad, 
Hercules, CA, USA). Store at -20°C. 

100% Triton-free nitrocellulose membranes (pore size, 0.2 
|Lim) (Bio-Rad, Hercules, CA, USA) (see Note 2). 

3MM Whatman chromatography paper (Whatman Interna- 
tional, UK). 

12. Transfer buffer: 25 mM Tris, 190 mM glycine, 20% metha- 
nol, 0.05% SDS, pH 8.3. Store at RT. 



10 



11 



2.2. Membrane Staining 
and Destaining 

2.2. 1. Ponceau-S Staining 



1. Ponceau-S solution: 5% acetic acid, 0.2% Ponceau-S (w/v) 
(Sigma, St. Louis, MO). Store at RT. 



2.2.2. MemCode™ 
Staining 



1. MemCode™ reversible protein stain kit for nitrocellulose 
membranes (Pierce, Rockford, IL). Store at RT. 



2.3. Blocking of the 
Membrane Before 
Digestion 



1. PVP-40 solution: 100 mM acetic acid, 0.5% poly- 
vinylpyrrolidone) (PVP-40) (w/v) (Sigma, St. Louis, MO, 

USA). 



2.4. On-Membrane 
Digestion 



2. 



Digestion buffer: 50 mM ammonium bicarbonate, pH 7.8. 
Use freshly prepared buffer. 

Trypsin Gold, Mass Spectrometry Grade (Promega, Madison, 
WI). Store the lyophilized powder at -20°C. Reconstitute in 
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2.5. Recovery of 
Peptides 



50 mM ammonium bicarbonate (pH 7.8) and store in single 
use aliquots at -20°C (see Note 3). 

1. HPLC- grade acetone, acetonitrile, and methanol (Fisher 
Scientific, Morris Plains, NJ, USA). 



2.6. Mass Spectrometry 1. a-cyano-4-hydroxycinnamic acid (oc-CHCA) (Sigma). Store 
Analysis at -20°C (see Note 4). 

2 6 1 MALDI-TOF ^" Trifluoroacetic acid (TFA) (Sigma). Store at RT 



2.6.2. (LQ-ESI-MS/MS 



1. Sample solution: 2% acetonitrile, 0.1% formic acid 



3. Methods 



3.1.SDS-PAGEand 
Electroblotting 



As with any sample preparation method for MS analysis, special 
attention must be paid to avoid loss or contamination of the sam- 
ples during processing. Please be very careful not to use bare 
hands, loose hair, dirty glass- and plastic -ware, and always wear 
gloves (powder free and rinsed with water and ethanol before 
use) to minimize contamination by keratins, or these proteins 
will overwhelm low level protein samples and preclude successful 
analysis of the proteins of interest. 

1. Prepare a 1-mm thick 10% gel (8 x 7.3 cm) by mixing 1 mL of 
separating buffer with 1 mL acrylamide/bis solution, 1 .94 mL 
water, 15 |LiL ammonium persulfate solution, and 5 |LiL TEMED. 
Pour the gel, leaving space for the stacking gel, and overlay with 
isopropanol. The gel should be polymerized in about 30 min. 

2. Pour off the isopropanol and rinse the top of the gel with water. 

3. Prepare the stacking gel by mixing 0.5 mL of the stacking 
buffer with 0.2 mL acrylamide/bis solution, 1.272 mL water, 
7.5 (LiL ammonium persulfate, and 2.5 (LiL TEMED. Use about 
0.5 mL of this to quickly rinse the top of the gel and then pour 
the stacking solution and insert the comb. The gel should poly- 
merize overnight to eliminate cross-linking of unpolymerized 
acrylamide to proteins during electrophoresis (^Note 5). 

4. Prepare the running buffer by diluting 200 mL of the 5x 
running buffer with 800 mL of water. 

5 . Mix the sample with the Laemmli sample buffer 1:1, vortex, cen- 
trifuge and incubate at 95°C for 5 min to denature the proteins. 

6. Add the running buffer to the chambers of the gel unit and 
carefully remove the comb. Load the sample in a well. Include 
one well for prestained molecular weight markers. 
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7. Complete the assembly of the gel unit and connect to a 
power supply. Run the gel at 50 V until all the sample enters 
the gel (around 20 min) and then increase voltage to 80-100 
V (maintain below 20 mA) until the dye front reaches the 
bottom of the gel. 

8. Prepare a tray of water large enough to lay out a transfer 
cassette with its two pieces of foam. Cut a sheet of nitrocel- 
lulose slightly larger than the size of the separating gel. 

9. Wet a sheet of Whatman chromatography paper of approx- 
imately the same size as the nitrocellulose membrane and 
place it on top of one of the wet foam sheets. Then submerge 
the nitrocellulose sheet on top of the Whatman paper. 

10. Disassemble the gel unit. Remove the stacking gel and dis- 
card. After briefly rinsing the separating gel with water, place 
it on top of the nitrocellulose membrane. 

11. Wet an additional sheet of Whatman paper and carefully 
place it on top of the gel, ensuring no bubbles are trapped in 
the resulting sandwich. Place the second wet foam sheet on 
top and close the transfer cassette. 

12. Place the cassette into the transfer tank such that the nitro- 
cellulose membrane is between the gel and the anode. It is 
very important to ensure this orientation to avoid the loss of 
the proteins into the transfer buffer instead of being electro- 
transferred to the nitrocellulose membrane. 

13. Place the transfer tank into an ice bath, put on the lid and acti- 
vate the power supply. Carry out the transfer at 100 V for 1 h. 

14. Once the transfer is complete, disassemble the casette, 
discard the gel and the Whatman sheets. Transfer the nitro- 
cellulose membrane to a clean tray and rinse briefly with 
water. The colored molecular weight markers should be 
clearly visible on the membrane. 



3.2. Membrane Staining 
and Destaining 



Either of two different protein stains, both of them reversible and 
MS -compatible, can be used. While Ponceau-S is less expensive, it 
has a limit of detection of -250 ng of protein on the membrane. 
MemCode™ is more sensitive, with a limit of detection of -25 ng 
of protein on the membrane. Thus, the staining procedure should 
be selected according to the concentration of the protein/s of 
interest. 



3.2. 1. Ponceau-S Staining 



2. 



Add 10 mL of Ponceau-S solution to the membrane. Agitate 
at RT for 1-2 min on a rotary platform shaker or until the 
stained proteins appear as red bands (see Note 6). 

Remove the Ponceau-S solution and wash the membrane 
with water several times until the background staining is 
completely removed. 
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3.2.2. MemCode™ 
Staining 



3. Excise the band/s of interest with a new clean scalpel or razor 
blade and transfer to clean 1.5-mL eppendorf tubes. 
Wash several times with 1 mL of water for 15 min with agita- 
tion (1,000 rpm) on a thermomixer rotating platform at RT until 
the stain is completely removed. (If not digested immediately, 
membrane samples should be stored at -20°C in water.) 

1. Rinse the nitrocellulose membrane with water and quickly 
decant (see Note 6). 

2. Add -25 mL of MemCode™ reversible protein stain to the 
membrane. Agitate for 30 s on a platform shaker at RT. 
Stained proteins appear as turquoise -blue bands. 

3. To remove the background, add -25 mL MemCode™ destain- 
ing reagent to the nitrocellulose membrane and quickly decant. 
Repeat this step two additional times. 

4. Add -25 mL of the MemCode™ destain reagent to the mem- 
brane and gently agitate for 5 min on a rotary platform shaker 
atRT. 

5. Decant the destaining solution and rinse the membrane four 
times by adding water to the tray and quickly decanting. 

6. Wash the membrane with water for 5 min with agitation. 

7. Excise the band/s of interest with a new clean scalpel or razor 
blade and transfer to 1.5-mL eppendorf tubes. Add 1 mL of 
MemCode™ stain eraser to the membrane and agitate for 2 
min on a thermomixer at 1,000 rpm and room temperature 
(2 min of agitation with stain eraser is optimal for most pro- 
teins but it may be extended to 5 min). 

8. Rinse the membrane four times by adding 1 mL of water and 
quickly decanting. 

9 . Wash the membrane with water for 5 min with agitation using 
a thermomixer at RT and 1,000 rpm . (If not digested imme- 
diately, samples should be stored at -20°C in water.) 



3.3. Blocking of the 
Membrane Before 
Digestion 



3.4. On-Membrane 
Digestion 



1. Remove the water and add 1 mL of PVP-40 solution to block 
nonspecific protein (trypsin) binding sites on the nitrocellu- 
lose. Incubate at 37°C for 30 min with gentle agitation using 
a thermomixer at 300 rpm . 

2. Wash the membrane 6-10 times with 1 mL of water to remove 
excess PVP-40. 

3. Transfer the nitrocellulose membranes to a 200-|LiL eppendorf 
tube (PCR style). 

1. Add 20 |LiL of trypsin at 12.5 ng/|LiL in 50 mM ammonium 
bicarbonate buffer and add enough digestion buffer to com- 
pletely cover the membrane bands (-20 |LiL). 
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2. Incubate at 37°C for 5 h or overnight with gentle agitation 
using a thermomixer at 300 rpm. Cap the tubes tightly and 
cover with parafilm to avoid evaporation. 

3. After completing the digestion, dry the samples under vac- 
uum. 



3.5. Recovery of 
Peptides 



3.5. 1. Direct Dissolution 
Method 



3.5.2. Nitrocellulose-Free 
Method 



There are two different methods for recovering the peptides for 
MS analysis. The first one (direct dissolution method) is based on 
the direct dissolution of the nitrocellulose membrane, and thus 
of the peptides adsorbed onto it, in the MALDI matrix solution. 
This method can be used only for MALDT based mass spectrom- 
eters. The second method (nitrocellulose -free method) is based 
on the removal of the nitrocellulose before MS analysis. This 
second method takes longer but it can be used for either MALDI- 
or (LC)-ESTbased mass spectrometers. 

1. Prepare the MALDI matrix solution consisting of 10 mg of 
oc-CHCA, 300 |LiL of methanol, 700 \xL of acetonitrile and 10 
uLofTFA. 

2. Add approximately 10 |LiL of MALDI matrix solution per mm 2 
of nitrocellulose (40 |LiL for a typical 4 mm 2 protein band). 

3. Vortex and sonicate for 10 min. 

4. Spot 1 |LiL of the final solution onto the MALDI plate for MS 
analysis. 

1. Add 90 (LiL of acetone per 4 mm 2 of nitrocellulose. Vortex 
and incubate for 30 min at RT to allow complete dissolution 
of the nitrocellulose and precipitation of the tryptic peptides 
adsorbed onto it. 

2. Centrifuge 10 min at 14,000 x g and carefully remove the 
acetone containing the dissolved nitrocellulose. Air-dry the 
precipitated peptides. 

3. Resuspend the peptides. For MALDI-MS analysis, add 20 |LiL 
of MALDI matrix solution (10 mg/mL of oc-CHCA prepared 
in 50:50 acetonitrile: water and 1% TFA). For LC -MS/MS 
analysis, add 20 |LiL of sample solution (2% acetonitrile, 0.1% 
formic acid). 

4. Sonicate 10 min. 



3.6. Mass Spectrometry 
Analysis 

3.6.1. MALDI-T0F 



1 . Calibrate the instrument in reflectron mode using molecular 
weight standard peptides such as angiotensin I (average mass, 
1,296.5 Da) and corticotropin-like intermediate lobe peptide 
(ACTH clip 18-39, average mass, 2,465.7). 

2. Analyze the samples of interest. Typically, 100-200 laser shots 
are summed into each mass spectrum. Mass spectra should be 
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acquired in an interactive (manual) mode that allows modi- 
fying the laser energy and other key acquisition parameters 
as well as the visual selection of the sample area targeted to 
obtain a good signal-to-noise ratio (see Note 7). Examples 
of results obtained using this method as compared to in- gel 
digestion are shown in Figs.l and 2. 
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Rg. 1. Comparison of MALDI MS spectra obtained from 10 pmol of uroplakin II (UPII) 
after (a) 30 min on-membrane digestion, (b) 30 min in-gel digestion, (c) 1 6 h on-membrane 
digestion, (d) 16 h in-gel digestion, (e) amino acid sequence of bovine mature UPII. 
The underlined amino acids correspond to the transmembrane domain of the protein. 
In the spectra, the stars indicate UPII peptides detected after both in-gel and on- 
membrane digestion, the arrows indicate missed cleavage peptides that appear only 
after in-gel digestion, and the numbers indicate peptides from the UPII sequence shown 
in (e) detected only after on-membrane digestion (reproduced from (2) with permission 
from the American Chemical Society). 
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Fig. 2. Comparison of MALDI MS spectra obtained from 3 pmol of uroplakin III (UPIII) after (a, c) 30 min on-membrane 
digestion, (b, d) 30 min in-gel digestion, (e, g) 16 h on-membrane digestion, (f, h) 16 h in-gel digestion, (i) amino acid 
sequence of bovine UPIII. The underlined amino acids correspond to the transmembrane domain of the protein. In the 
spectra, the stars indicate UPII peptides detected after both in-gel and on-membrane digestion, the arrows indicate 
missed cleavage peptides that appear only after in-gel digestion, and the numbers indicate peptides from the UPII 
sequence shown in (i) detected only after on-membrane digestion. Spectra shown in (a), (b), (e), and (f) were collected 
in reflectron mode and spectra shown in (c), (d), (g), and (h) in linear mode (reproduced from (2) with permission from 
the American Chemical Society). 



3.6.2 (LC)-ESI-MS/MS 



1 . The sample is transferred to a sample vial compatible with the 
autosampler of the liquid chromatograph, or injected manually 
into the HPLC. Some remaining nitrocellulose may precipi- 
tate in the presence of water in the final solution. Transfer the 
sample carefully to the sample vial avoiding the transfer of 
the nitrocellulose which otherwise could cause clogging of the 
LC system (see Note 8). 

2. The following instructions assume the use of a CapLC 
(Waters) HPLC system coupled directly to a Q-TOF micro 
(Micromass) mass spectrometer or similar instruments. Load 
the peptides onto a 0.3 x 1-mm CI 8 nano-precolumn and 
wash for 5 min with 2% acetonitrile in 0.1% formic acid at a 
flow rate of 20 |LiL/min. 

3. After washing, reverse the flow through the precolumn and 
elute the peptides with a gradient of 2-90% acetonitrile in 
0.1% formic acid. The gradient is delivered over 120 min at a 
flow rate of 200 nL/min, using a 15:1 precolumn flow split, 
through a 75 |Lim x 15 cm fused silica capillary CI 8 HPLC 
column to a fused silica distal end- coated tip nanoelectrospray 
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needle. The electrospray needle can vary depending on the 
ion source of the mass spectrometer. 

4. Use a database search engine such as Mascot (Matrix Science) 
for database searching and protein identification. 



4. Notes 



1 . All solutions and buffers should be prepared in MilliQ water 
or HPLC-grade water (referred as "water" in this text). 

2. Make sure the nitrocellulose membrane used is 100% Triton- 
free to provide the best results for mass spectrometry analysis. 

3. Reconstituted trypsin can be stored at -20°C for up to 1 month. 
For long-term storage, freeze reconstituted trypsin at -70°C. 
Before use, thaw the reconstituted trypsin at room temperature, 
placing on ice immediately after thawing. To maintain sufficient 
enzymatic activity, limit the number of free-thaw cycles to 5. 

4. If the dry matrix has a mustard-yellow color instead of bright 
yellow color, it may contain impurities. To recrystallize 
(purify), dissolve the CHCA matrix in warm ethanol (exact 
temperature is not important). Filter and add two volumes of 
deionized water. Let stand overnight in an explosion proof- 
refrigerator. Filter and wash the precipitate with cold water. 

5 . Unpolymerized acrylamide cross-linked to proteins may inter- 
fere with tryptic digestion. Thus, gels should be prepared the 
day before the experiment is carried out. Gels can be stored at 
4°C for several days wrapped in a sturdy lab tissue paper (such 
as Kimwipes) wetted with running buffer and sealed with plas- 
tic wrap to prevent drying. 

6. For all steps, use sufficient volumes to completely immerse 
the membrane, and agitate at a moderate speed on a rotary 
platform shaker. Do not allow the membrane to become dry 
during the procedure. 

7. Usually, the large amount of dissolved nitrocellulose in the 
sample creates a heterogeneous crystal. Best signal is usually 
obtained in those areas with the least nitrocellulose. Those 
with high levels of nitrocellulose require greater laser energy 
to provide a good signal. Also, after selecting an area, the first 
shots may provide a low signal-to-noise ratio that will increase 
with the number of shots. 

8. To ensure that remaining traces of nitrocellulose do not reach 
the analytical column, we strongly recommend the use of a 
precolumn between the injection valve and the analytical col- 
umn in the LC system. 
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Chapter 36 



Western Blot Analysis of Adhesive Interactions under Fluid 
Shear Conditions: The Blot Rolling Assay 

Robert Sackstein and Robert Fuhlbrigge 



Summary 

Western blotting has proven to be an important technique in analysis of receptor-ligand interactions 
(i.e., by ligand blotting) and for identifying molecules mediating cell attachment (i.e., by cell blot- 
ting). Conventional ligand blotting and cell blotting methods employ nondynamic (static) incubation 
conditions, whereby molecules or cells of interest are placed in suspension and overlaid on membranes. 
However, many cell-cell and cell-matrix adhesive interactions occur under fluid shear conditions, and 
shear stress itself mediates and/or facilitates the engagement of these physiologically appropriate recep- 
tors and ligands. Notably, shear forces critically influence the adhesion of circulating cells and platelets 
to vessel walls in physiologic cell migration and hemostasis, as well as in inflammatory and thrombotic 
disorders, cancer metastasis, and atherosclerosis. Use of nondynamic blotting conditions to analyze such 
interactions can introduce bias, overtly missing relevant effectors and/or exaggerating the relative role(s) 
of nonphysiologic adhesion molecules. To address this shortfall, we have developed a new technique for 
identifying binding interactions under fluid shear conditions, the "blot rolling assay." Using this method, 
molecules in a complex mixture are resolved by gel electrophoresis, transferred to a membrane that is 
rendered semi-transparent, and the membrane is then incorporated into a parallel -plate flow chamber 
apparatus. Under controlled flow conditions, cells or particles bearing adhesion proteins of interest are 
then introduced into the chamber and interactions with individual immobilized molecules (bands) can 
be visualized in real-time. The substrate molecule(s) supporting adhesion under fluid shear can then be 
identified by staining with specific antibodies or by excising the relevant band(s) and performing mass 
spectrometry or microsequencing of the isolated material. This method thus allows for the identifica- 
tion, within a complex mixture and without prior isolation or purification, of both known and previously 
uncharacterized adhesion molecules operational under dynamic conditions. 

Key words: Adhesion molecules, Shear stress, Shear conditions, Fluid shear, Flow conditions, Par- 
allel plate flow chamber, Western blot, Selectins, Selectin ligands, Cell blotting, Blot rolling assay, 
Gel electrophoresis 
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1. Introduction 



Adhesive interactions of cells with other cells and/or extracel- 
lular matrix under fluid shear conditions are critical to a variety of 
physiologic and pathobiologic processes, including hemostasis, 
leukocyte trafficking, tumor metastasis, and atherosclerosis. 
Although various techniques for analyzing cell adhesion have 
been described, most involve binding assays under nondynamic 
(static) conditions. Importantly, certain adhesive receptor-ligand 
interactions occur preferentially if not solely under physiologic 
shear stress (e.g., binding of L-selectin to its ligands) or depend 
on low affinity and rapidly reversible interactions to serve their 
functions (e.g., rolling of leukocytes via selectins). Under static 
binding assay conditions, effectors mediating these types of inter- 
actions may be overtly neglected or overshadowed by molecules 
specialized to form more stable adhesions. 

Methods for in vitro study of adhesion under dynamic con- 
ditions have been described, including the Stamper-Woodruff 
(1) and the parallel plate flow chamber (2) assays. However, 
these methods are limited in that they require the availability 
of reagents (e.g., antibodies) that can specifically interfere with 
the activity of relevant receptors and/or ligands or require iso- 
lated substrate materials that can be immobilized on the cham- 
ber surface. Thus, the applicability of these methods to examine 
the structure or function of previously unrecognized/unchar- 
acterized ligands, especially within a complex mixture, is highly 
constrained. 

To address these issues, we developed a method for direct 
real-time observation of adhesive interactions between cells 
or particles in flow and proteins separated by SDS-PAGE and 
immobilized on membranes (3). This technique, which we have 
termed the "blot rolling assay," has allowed for the identifica- 
tion of new glycoprotein ligands (4-6), as well as a glycolipid 
ligand (7) for selectins. This method allows real-time assessment 
and measurement of interaction parameters (e.g., rolling vs. firm 
attachment, specificity, and reversibility with inhibitors) in both 
physiologic and nonphysiologic shear conditions, thus permit- 
ting a unique user interface for the observation of adhesive events 
on membrane -immobilized materials. Ligands under investiga- 
tion can be immobilized directly or segregated by gel electro- 
phoresis (e.g., SDS-PAGE, isoelectric focusing) or other methods 
prior to transfer to the membrane. This method also provides 
for real-time manipulation of interaction conditions including 
wall shear stress, ion requirements, temperature, the influence 
of metabolic inhibitors, and the presence of activating agents or 
inhibitors of cell function. Blot-immobilized substrates can be 
used repeatedly, allowing in situ manipulation of the substrate 
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under continuous direct visualization or direct comparison of 
different conditions or different cell populations in shear flow. 
The capacity to observe sequential experimental and control con- 
ditions on a single substrate, and to observe physiologic behaviors 
and responses to manipulations in real-time, provides particularly 
powerful advantages of this method over conventional static 
binding assays. Similarly, the ability to observe interaction with 
individual components of a complex mixture without requiring 
prior purification or knowledge of the nature of the components 
provides advantages over conventional flow- based assays. In this 
chapter, we will describe a detailed protocol for performing blot 
rolling assays of membrane proteins. A video recording of a rep- 
resentative experiment will be presented to illustrate the utility of 
this new analytic technique. 



2. Materials 



The required components for performing blot rolling assays 
include an inverted microscope and a parallel plate flow chamber 
apparatus. Figure 1 shows the setup utilized in our laboratories. 
The parallel plate device we use has internal chamber diameters 
of 2 cm x 0.5 cm x 0.025 cm. A commercial product with simi- 
lar properties is available from GlycoTech Corp., Rockville, MD, 
USA (Circular flow chamber, Product #31-001 ). Flow is adjusted 
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Fig. 1 . Diagram of blot rolling assay assembly. The components of the blot rolling assay are shown, including the inverted 
microscope, flow chamber, CCD camera, syringe pump, vacuum source, video monitor, and blot membrane (resting on a 
Petri dish located on the microscope stage, with the flow chamber positioned on top of it). 
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by negative pressure regulated by a high precision, programmable 
syringe pump (Harvard Apparatus). Wall shear stress (dyne/cm 2 ) 
is calculated according to the formula: Wall Shear Stress (i) = 
6/dQ/wti 2 , where w is the chamber width in cm, h the chamber 
height in cm, Qxhc volumetric flow rate in mL/s, and jl is the 
viscosity in poise, or dyne x s/cm 2 ; for water at25°C,/i = 0.009, 
which is adjusted for contribution of 10% glycerol (see below), 
according to the equation \i = 1.37 x medium (fi = 0.0123 at 
25°C) (see below for calculations based on our chamber dimen- 
sions). Interaction events can be captured on videotape by using 
a standard CCD camera and video recording assembly (see Fig. 1), 
for later off-line analysis. 

1. PAGE gel system. 

2. equi-Blot™ PVDF Membrane (Bio-Rad, Hercules, CA, 
USA, #162-0184). 

3. Fetal bovine serum. 

4. Phosphate buffered saline/0.1% Tween-20 (PBST). 

5. Prestained molecular weight markers. 

6. Western Blue stabilized substrate for alkaline phosphatase 
(Promega#S3841). 

7. Blot rolling medium (H/H Medium): Hank's Balanced Salt 
Solution (Gibco #14170-112) with 10 mM HEPES, pH 
7.4 (Cellgro #25-060). For "binding medium", add 2 mM 
CaCl 2 and 10% glycerol to H/H medium. 

8. Monoclonal or polyclonal antibody reagents for identifying 
any epitope(s) of interest (^Note 1). 

9. Acrylamide gradient gels (Criterion 4-20%; Bio-Rad). 

10. 1% ^-octylglucoside (Roche Molecular Biochemicals, 
Indianapolis, IN, USA). 



3. Methods 



3. 7. Preparation 
of Western 
Blots/Visualization 
of Protein Bands 



Material of interest can be prepared for PAGE (with or 
without SDS) using standard methods. In general, we pre- 
pare lysates of cells at 4 x 10 8 cell equivalents per mL of 
lysate buffer. A number of standard detergents have been 
utilized for preparation of lysates, though we have found 
1% ^-octylglucoside to provide low nonspecific background 
binding. Acrylamide gradient gels provide improved resolu- 
tion in higher molecular weight ranges. The amount of pro- 
tein required will vary with the material under study, but we 
have found 25-100 |Lig of protein per lane to be sufficient 
for most of our studies. Both reducing and nonreducing gel 
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conditions have been utilized with good results. Omission 
of detergent from the gel and/or the nondenaturing gel 
electrophoresis systems can be utilized to optimize struc- 
tural integrity of resolved bands. In all gels, it is helpful to 
include prestained molecular weight standards in the lanes 
adjacent to the material of interest to assist in alignment and 
localization of regions supporting adherence (see Notes 2 
and 3). 

2. When gel electrophoresis is complete, the component pro- 
teins are transferred to PVDF membrane using standard 
transfer methods; although other membrane materials may 
work as well, we have preferred BioRad Sequi-Blot™, which 
has 0.2-|Lim pore size and minimal surface irregularities, thus 
reducing turbulence and promoting laminar flow over the 
membrane (see Note 4). 

3. After transfer, the blot is placed protein side facing up (i.e., 
the side of the membrane that was facing the gel) in a block- 
ing solution (50% FBS in PBST and 100% newborn calf 
serum have been used with good results) to reduce nonspe- 
cific interactions and incubated with gentle agitation (on a 
rocker platform or rotating platform) for 1 h at room tem- 
perature. The blot is then washed twice in PBST for 5 min 
each with gentle agitation. 

4. Immunostaining, if desired, can be performed using stand- 
ard procedures. Membranes are typically stained with pri- 
mary antibody for 1 h under gentle agitation, washed 2x 
in PBS/0.1% Tween 20 for 5 min and then incubated with 
secondary alkaline phosphatase -conjugated antibody in 
TBS (Tris buffered saline) for 1 h under gentle agitation. 
The blot is again washed 2x in PBST for 5 min, then rinsed 
in PBS followed by TBS (to remove residual PBST), and 
then developed with alkaline phosphatase substrate (e.g., 
Western Blue™). After developing blots to an appropriate 
signal-to-background perspective, reactions are stopped 
with PBS and the blot is washed twice with PBS. Blots to 
be used for flow experiments may be stored in buffer at 
4°C until use. Blots will maintain binding fidelity for sev- 
eral days, though best results are obtained with freshly pre- 
pared materials (see Note 5). 

5. The membranes are again blocked by incubation in 50% 
newborn calf serum or FBS in binding media (H/H with 
Ca 2+ /10% glycerol) for at least 1 h at 4°C and equilibrated in 
binding media prior to use in the flow assay. 

J.Z Preparation Or ^ Q assa y blots for selectin ligand activity, we typically employ lym- 

Selectm-Expressing phocytes expressing L- selectin or Chinese hamster ovary (CHO) 

Cells ce n s stably transfected to express P- selectin or E- selectin. 
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1. Human peripheral blood lymphocytes (PBL) can be prepared 
from whole blood by Ficoll density gradient separation. For 
analysis of L-selectin function on lymphocytes, monocytes 
may be removed by plastic adherence or other methods to 
reduce nonspecific binding (e.g., magnetic bead separation). 
Murine spleen and lymph node T cells and rat thoracic duct 
lymphocytes have also been utilized in the same fashion. 
E-selectin and P-selectin transfected cell lines are typically split 
the day prior to use to achieve log phase growth and are har- 
vested by replacing the media with H/H 5 mM EDTA. The 
cells can then be released from the flask by manual agitation or 
scraping. We do not use trypsin to release the cells as this may 
alter the function of some surface adhesion molecules. 

2. After counting, the cells are suspended at lOx the concentra- 
tion desired for use in the flow chamber (e.g., 10-20 x 10 6 / 
mL in H/H without Ca 2+ or Mg 2+ and without glycerol) and 
stored on ice. Clumping of adherent cell populations (i.e., 
CHO cells) may develop after prolonged storage on ice. This 
can be remedied by washing again in H/H 5 mM EDTA 
before use (see Note 6). 

3. Controls to confirm specificity for selectin binding to blots 
include use of mock- transfected CHO cells and/or preincu- 
bation of cells with function- blocking anti-selectin mAb. 



3.3. Inverted 
Microscope Setup 



1 . Setup will vary with type of microscope. In general, we do not 
use any filters. 

2. Figure 2 shows the placement of the parallel plate chamber 
on the blot. Begin visualization at low power to align the 
chamber and identify the area of interest. Many observations 
are best performed at relatively low magnification (e.g., lOx 
objective) to allow observation of larger areas and numbers of 
cells. Observation under increased magnification can be per- 
formed to observe individual cell characteristics. Adjust the 
shutter arm so that the light narrows specifically over the area 
of interest on the blot. 



3.4. Blot Rolling Assay 



1. All media should contain 10% glycerol. Equilibration in dilute 
glycerol alters the opacity of the PVDF membrane sufficiently 
to allow transmission of light and the direct visualization of cells 
interacting with the surface of the blot by standard light micro- 
scopy. Assessment of some functions (e.g., integrin activation) 
requires maintaining the chamber and media at 37°C. This can 
be achieved with a stage warming device and placement of supply 
media in water baths adjacent to the apparatus (see Note 7). 



2. The chamber should be mounted onto the blot so that the 
flow channel is aligned over the lane of interest. The flow 
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Fig. 2. Blot rolling apparatus. Western blots stained for components of interest are equilibrated in binding media contain- 
ing 10% glycerol and placed in a Petri dish. A parallel plate flow chamber mounted over the area of interest is held in 
place by low continuous vacuum pressure (Vac). The inlet (In) is connected to a buffer reservoir and the outlet (Out) to a 
high precision syringe pump. The apparatus is mounted on the stage of an inverted phase-contrast microscope equipped 
for videomicroscopy. Molecular mass(es) of interacting protein(s) resolved in the polyacrylamide gel (PAG) are estimated 
by alignment with colored mass standards in adjacent lanes (reproduced with permission from (3), Copyright 2002, The 
American Association of Immunologists, Inc.). 



chamber is secured by application of low vacuum pressure in 
the same fashion as is used for attachment to glass or plas- 
tic surfaces. We have not found it necessary to perform any 
special maneuvers to maintain an adequate seal on Sequi-Blot 
PVDF membrane (see Note 8). 

3. The flow field is rinsed with media introduced through the 
20-mL syringe, attached to the three-way stopcock, to remove 
bubbles and prepare the blot surface for cell input (see Note 9). 

4. Immediately before use, aliquots of cells (e.g., PBL or trans- 
fected CHO cells) are diluted tenfold into binding medium 
(H/H w/Ca 2+ with 10% glycerol; final concentration is typi- 
cally 1-2 x 10 6 cells/mL) at room temperature (or 37°C as 
indicated). This minimizes exposure to glycerol and divalent 
cations that may affect cell viability and/or promote the for- 
mation of cell aggregates (^Note 10). 

5 . The cell input line is flushed with assay medium and placed 
into the tube containing cells. Flow is regulated by func- 
tion of a downstream syringe pump. Use of a programma- 
ble pump allows for automation of the assay technique and 
more reproducible results. We typically initiate flow at a high 
rate of flow (2 mL/min or -7.5 dyne/cm 2 ) to bring cells 
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through the sample tubing and into the chamber. Upon 
arrival of cells in the field of view, the flow rate is reduced 
(typically to 0.5-1 dyne/cm 2 ) to allow cells to interact with 
the blot surface. The flow rate can be adjusted up or down to 
increase or decrease, respectively, the stringency of binding 
interactions. One can program step -wise increases in flow 
(shear stress) without interruption. Maintaining continuous 
flow while cells are in the chamber minimizes nonspecific 
binding to the blot surface. This is critical with adherent cell 
populations such as CHO cells or monocytes, though lym- 
phocytes typically do not bind when flow is stopped for brief 
periods (<30 s). 

6. Observation of cell interactions with substrate molecule(s) are 
made in real time and recorded via the camera/VCR for later 
analysis. Typically, two types of analyses are performed. First, 
a "scanning" analysis is performed by moving the microscope 
stage to view the entire length of the lane where proteins have 
been resolved while maintaining a constant shear rate. Tether- 
ing and rolling interactions are usually most prominent at the 
leading edge of a "band" on the blot, with rolling cells evident 
across the band and discontinuation of rolling interactions 
observed at the downstream edge. Once bands or areas of the 
blot of interest are identified, we typically perform additional 
studies comparing control cell preparations (mock-transfected 
or cells incubated with function blocking antibodies) and vary- 
ing shear conditions while viewing a fixed area or band on the 
blot. In this analysis, tethering is observed at low physiologic 
wall shear stresses (0.5-1.5 dyne/cm 2 ) for short periods (one 
to several minutes). Bound cells are then subjected to timed 
stepwise increases in wall shear stress to assess shear resistance 
as an estimate of relative strength of binding. The dependence 
of interactions on the presence of calcium (typical of selectin- 
mediated binding) can be confirmed by perfusion of the 
chamber with H/H with 10% glycerol and 5 mM EDTA and 
observing release of bound cells, or by repeating the analysis 
using H/H with 10% glycerol and 5 mM EDTA for both dilu- 
tion of the cells and perfusion through the chamber. 

7. Antibody inhibition experiments utilizing antibodies to the 
membrane bound ligand can be performed in situ by first 
observing interactions on an area of defined interest, then 
perfusing the chamber with a solution of antibody (e.g., 1-10 
|Lig/mL for 30 min) and repeating the observation on the 
same site. If the antibody blocks binding interactions, then the 
blot is unusable for further studies of that ligand. However, 
if the applied antibody does not block adhesive interactions, 
the blot may be reused, i.e., successive rounds of antibodies or 
reagents may be screened in this fashion. 
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8. For selectin-mediated binding, cells must tether and roll in 
shear flow to be considered specific. Tethering in our studies 
is defined as reduction of forward motion below the hydrody- 
namic velocity lasting a minimum of two video frames (0.07 
s), and rolling is defined as >5 cell diameters of lateral transla- 
tion below the hydrodynamic velocity. The majority of tethered 
cells in such studies are observed to roll smoothly across the 
entire band or field of view. Nonspecific interactions (i.e., cel- 
lular collisions with the substrate that did not lead to tethering 
and/or rolling) are defined as interactions lasting less than 0.07 
s and are not included in the analysis. Nonspecifically bound 
cells (not rolling and/or not released by perfusion with EDTA) 
are also discounted from analysis. In general, there is a time- 
dependent increase in nonspecific (nonr oiling) attachments 
in the absence of flow, though it is our experience that very 
few cells form nonspecific attachments to the blot in continu- 
ous shear flow. Tethering rate is calculated as the number of 
cells that tether per field per time at a defined shear stress and 
adjusted to per minute values. As stated above, wall shear stress 
(t) values are calculated according to the formula T (dynes/ 
cm 2 ) = 6110/wfo 1 where u. is the viscosity of the solution in the 
chamber in poise, Q is the volumetric flow rate in mL/s, w is 
the channel width (e.g., 0.5 cm for chamber we employ), and h 
is the channel height (e.g., 0.0127 cm for chamber we employ) 
(8). A value of 0.009 poise is used for the viscosity (|i) of water 
at 25 °C (9) and a value of 0.0123 poise is used for the viscosity 
of 10% glycerol (v/v) in water at 25°C (10). By these values, 
wall shear stress in 10% glycerol at 25 °C is approximately 1.37- 
fold greater than in water at the same temperature. 

9 . Regions ( bands ) of interest can be aligned with molecular weight 
markers run in adjacent lanes to estimate molecular weight. 
Additionally, one may subsequently probe the blot with anti- 
body to specific proteins of interest to determine whether 
band(s) supporting binding represent known proteins. This 
approach has been used to confirm PSGL-1 and identify 
CD43 as selectin ligands (3, 6). One can also excise regions 
of blot supporting binding and submit for mass spectrometry 
and/or protein microsequencing. This approach was used to 
identify HCELL, a glycoform of CD44 that functions as a 
high affinity L- selectin and E- selectin ligand (4, 5). Figure 3 
is a representative histogram of a blot rolling assay of T cell 
lysates probed with stably transfected Chinese hamster ovary 
(CHO) cells expressing P-selectin (CHO-P) and E-selectin 
(CHO-E). A videotape of these studies is available for view- 
ing on the Harvard Skin Disease Research Center web page, 
under the Leukocyte Migration Core subheading (http:// 
dermatology, b wh .harvard . edu/leukocy te . html ) . 
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Fig. 3. Cutaneous lymphocyte antigen (CLA) immobilized on western blots supports both E-selectin and P-selectin 
mediated rolling. (A) Western blots of T cell lysates stained for CLA expression. 50 mg of cell lysate protein from 
CLA-positive (left panel) or CLA-negative (right panel) T cells were subjected to SDS-PAGE, electroblotted onto 
PVDF membranes and immunostained with HECA-452 mAb. The single major reactive glycoprotein identified at 
approximately 140 kDa in CLA-positive cells (lane 2) corresponds to the monomer form of CLA/PSGL-1 . Similar 
blots stained with anti-PSGL-1 mAb show approximately equal quantities of 1 40 kDa PSGL-1 protein in each sam- 
ple (data not shown). (B and C) Rolling cells per visual field (10x objective) at 1.75 dyne/cm 2 wall shear stress. 
The number of cells observed to bind and roll was observed in overlapping fields of view extending from approxi- 
mately 250 to 40 kDa (identified alongside blot images in panel (A)). Both CHO-E and CHO-P cells are observed to 
tether and roll across the area of the western blot corresponding to CLA/PSGI-1 from CLA-positive T cells (panel 
(B)) while only CHO-P cells are noted to form significant rolling adhesions on PSGL-1 from CLA-negative T cells 
(panel (C)). Both CHO-E and CHO-P cells were noted to tether primarily over the area corresponding to CLA/PSGL-1 . 
Mock-transfected CHO cells did not form rolling tethers on any areas of the blots observed (data not shown). 
Results presented are the means of two independent experiments on a single substrate and are representative 
of observations on numerous blots of CLA-positive and CLA-negative T cell lysates (reproduced with permission 
from (3), Copyright 2002, The American Association of Immunologists, Inc.). 
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4. Notes 



1. We typically avoid immunoblotting with function blocking 
antibodies, since these antibodies may interfere with cell bind- 
ing to the membrane (see Subheading 3.4, Step 7). 

2 . Any uniform percent gel or gradient gel can be used so long as 
sufficient resolution of protein bands is achieved in the molec- 
ular weight range of interest. 

3 . If one wishes to measure the relative strength of interactions 
between component bands of samples loaded in different lanes 
of the same gel, it is important to load samples in lanes an 
appropriate distance apart such that the membrane -attached 
flow chamber does not cover another sample lane in order to 
avoid damaging the latter. For our flow chamber and the Cri- 
terion precast gel system, we load samples in every third lane, 
using molecular weight markers in between. 

4. Surface irregularities can result in disruption of cell interactions 
on the membrane. Some membrane surface irregularities due to 
manufacture are readily visible when the membrane is immersed 
in methanol prior to the transfer step, while others are only 
observable when the membrane is immersed in 10% glycerol. 
Avoid the use of visibly scored or scratched membranes, as these 
defects may prevent a proper vacuum seal of the chamber to the 
membrane or provide a "trough" in which perfused cells may 
collect and subsequently adhere nonspecifically 

5. In all incubations with mAb or serum, it is critical to avoid 
using bacterially contaminated solutions in order to prevent 
digestion of binding epitopes by bacterial proteases and/or 
glycosidases. 

6. It is important that cells are not stored in glycerol, as a 10% 
glycerol solution will significantly decrease cell (e.g., CHO) 
viability within 15 min. 

7. Viscosity is temperature dependent. If the assay temperature 
is adjusted from 25 to 37°C, make sure to recalculate flow 
rates using the appropriate viscosity values for cell perfusion at 
specific shear stresses (see Subheadings 2 and 3). 

8. We use Dow Corning High -Vacuum Grease to seal the silicon 
rubber gasket to the flow chamber to create the flow channel. 
In order to prevent the gasket from slipping after placement, 
we allow the grease to set for 24 h before use in experiments. 
It is critical to remove all excess vacuum grease from the chan- 
nel, gasket surface, and other flow chamber surfaces completely 
(using a cotton swab and 70% ethanol) before use in blot roll- 
ing assays to prevent the transfer of grease onto the membrane, 
which will damage the lanes and render them unusable. 
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9. All bubbles and debris from the channel must be flushed to 
clear all potential for flow disturbances. 

10. The cell concentration can be adjusted to increase or decrease 
assay sensitivity as desired (i.e., higher cell concentration 
increases sensitivity) . 
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ELISPOT Assay on Membrane Microplates 

Alexander E. Kalyuzhny 



Summary 

Membranes used for western blotting can be also used for ELISPOT, an enzyme-linked immunospot 
assay, which allows determining frequencies of cytokine -secreting immune system cells. In addition to 
their high antibody-retaining capacity PVDF and NC membranes provide good support to immune 
system cells cultured in vitro and do not affect their physiology ELISPOT assays utilizing membrane- 
backed microplates are used in many areas of research including vaccine development, HIV research, 
cancer and infection disease research, autoimmune disease, and allergy research. 

ELISPOT utilizes the same antibody "sandwich" technique as enzyme-linked immunosorbent 
assay, but unlike the latter ELISPOT belongs to state-of-the-art techniques when outcome of the assay 
depends on skills and accuracy of the operator, a thorough selection of matched pairs of capture and 
detection antibodies, and using appropriate staining reagents. This review covers basics of ELISPOT 
assay including its immunochemical design, selection of reagents and membrane microplates, and some 
troubleshooting recommendations. 

Key words: ELISPOT, Membrane microplates, Detection antibodies, Capture antibodies, Chro- 
mogenic substrates, Spot forming cells, Quantification of spots, ELISPOT readers, Background 
staining, Membrane removal device 



1. Invention of 
ELISPOT Assay 
and Areas of its 

Application ^ a PP ears tnat the first mentioning of ELISPOT assay occurred in 

1983 when Sedgwick and Holt (1, 2) published a paper describ- 
ing a very simple novel technique allowing quick and accurate 
quantification of antibody producing cells in vitro. This new 
technique resembled ELISA in that immobilized antigen was 
capturing antibodies secreted by cultured immune system cells. 
Later in 1981 another paper describing a similar antibody detec- 
tion technique was published by Czerkinsky and colleagues (3), 
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who called this assay Enzyme -Linked Immunospot or ELIS- 
POT. A fascinating historic overview of ELISPOT assay inven- 
tion was recently published (2). ELISPOT assays can be used for 
enumeration of either (1) antibody-producing cells or (2) cells 
secreting antigens (e.g. cytokines, growth factors, enzymes). The 
latter is sometimes referred to as "reversed ELISPOT." Accord- 
ing to Tanguay and Killion, ELISPOT is much more sensitive 
than ELISA (enzyme -linked immunosorbent assay) for the detec- 
tion of cell- secreted cytokines: ELISA cannot detect cytokines 
released by less than 10 4 cells, whereas ELISPOT allows detect- 
ing cytokines secreted by 10-100 cells in a well (4). Such a high 
sensitivity makes ELISPOT a technique of choice for the detec- 
tion of spontaneous and antigen -induced secretion of cytokines 
from peripheral blood lymphocytes (5, 6). To mention few 
applications, ELSIPOT (7-9) is used for AIDS research (10, 
11) , cancer research (see review ref. 12) , infectious diseases moni- 
toring (13), autoimmune disease studies (14), and allergy and 
transplantation research (15, 16). ELISPOT can be also used for 
diagnostic applications as well. For example, it was reported that 
ESAT-6/CFP-10-based ELISPOT assay can be used to detect 
active tuberculosis in HIV-positive individuals (17). ELISPOT 
may be also used for allergy diagnostics: peripheral blood mono- 
nuclear cells from nickel- allergic individuals responded to Ni 2+ 
with significantly greater production of interleukin (IL)-4, IL-5, 
IL-13 and interferon (IFN)- gamma, compared with the healthy 
controls (18). 

A comprehensive collection of articles on various topics of 
ELISPOT assay can be found in a recently published Handbook 
of ELISPOT (19). 



2. Composition 
and Protocol of 
ELISPOT Assay 



Like ELISA, ELISPOT is a sandwich immunoassay (Figs. 1 and 2) 
but, unlike ELISA, ELISPOT does not allow determining the 
real concentration of secreted cytokine (20): ELISPOT only 
allows to quantify the number of cytokine -secreting cells (2, 3). 
ELISA is just an immunoassay mostly used to measure cytokines 
in cell -free media (20) and its performance entirely depends on 
the quality of antibodies, enzyme conjugates, and color reagents. 
ELISPOT is the combination of both immunoassay and bio- 
assay and its performance depends not only on the quality of 
antibodies, enzyme conjugates, and color reagents, but also on 
the viability of cells cultured in the ELISPOT plate. Four major 
components contribute to the success of ELISPOT assay include 
(1) capture and detection of antibodies, (2) enzyme conjugates, 
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Fig. 1 . Typical ELISPOT assay procedure. 
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(3) chromogenic substrates, and (4) microplate membranes. Since 
the secretion activity of cells in ELSIPOT is determined by the 
number of spots on the bottom of the plate (2, 3), it appears that 
all four components should be optimized to facilitate formation 
of detectable spots. Spots should have strong staining intensity 
(high signal -to -noise ratio) and have well-defined edges. It is also 
desirable that spots have a small diameter to avoid their merging 
with each other: a few merged spots may be erroneously counted 
as a single spot. 



2. 1. Capture and 
Detection Antibodies 



Both monoclonal and polyclonal antibodies can be utilized in 
ELISPOT assays for either antigen capture or antigen detec- 
tion. ELISPOT can utilize capture and detection antibodies 
that were raised either against the entire antigen molecule 
(e.g., antirecombinant protein antibodies) or against a por- 
tion of the antigen (e.g., antipeptide antibodies). The critical 
factor in choosing capture and detection antibodies is their 
ability to recognize nonoverlapping epitopes of the target anti- 
gen (20). Therefore, it may not be recommended to use the 
same monoclonal antibody for both capture and detection in 
the same ELISPOT assay. Suitability of antibodies for applica- 
tions such as immunohistochemistry and western blotting and 
even ELISA does not necessarily guarantee that these antibod- 
ies will be the best choice for ELISPOT. Usually capture anti- 
bodies work within a wide range of concentration (1-30 |Lig/ 
mL), whereas detection antibodies work at much lower con- 
centrations (0.1-0.5 |Lig/mL). Detection antibodies need to be 
conjugated to biotin to be able to interact with streptavidin- 
conjugated enzymes (21). The reason detection antibodies 
need to be biotinylated is to avoid their cross -reactivity with 
capture antibodies. If both capture and detection antibodies 
are raised in the same species (e.g., mouse), antibodies (e.g., 
antimouse) conjugated to enzyme will bind to both capture 
and detection antibodies rather binding to detection antibod- 
ies only. Alternatively, detection antibodies directly conjugated 
to enzyme can be used as well. 



2.2. Enzyme 
Conjugates 



Horseradish peroxidase (HRP) or alkaline phosphatase (AP) 
can be used as strep tavidin conjugates (21). HRP (optimum 
pH 7.6) in the presence of hydrogen peroxide (H 2 2 ) catalyzes 
the oxidation of substrates causing them to change their color 
with the loss of electrons. The advantage of using HRP is its 
high turnover rate (spots develop faster), whereas the drawback 
is increased background. Unlike HRP, AP (optimum pH 9.0- 
9.6) has a linear reaction rate (spots develop slower) allowing 
for longer incubations with chromogenic substrates (21) with- 
out a risk of developing background staining. Longer incuba- 
tion may be done if it is necessary to increase the sensitivity of 
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2.3. Enzyme 
Substrates 



AP-based assay. By combining HRP and AP it is possible to 
develop an ELISPOT assay for simultaneous detection of two 
different cell-secreted molecules (22-24). The major drawback 
of multianalyte systems is the loss of sensitivity for each of the 
antigens. We have observed that a number of spots formed by 
IL-2 and IFN-gamma secreted from peripheral blood mono- 
nuclear cells in the plate coated with anti-IL-2 and anti- IFN- 
gamma antibodies were noticeably lower in comparison with 
corresponding single -cytokine assays. We have found that the 
drop in sensitivity becomes even more profound if ELISPOT 
plate is coated with more than two capture antibodies (25). 
The mechanism underlying this phenomenon is not known and 
additional research is needed to find the ways of building high 
sensitivity multianalyte ELISPOT assays. 

Regardless of which enzyme conjugate is used, their correspond- 
ing substrates should produce intense and stable colors. Such 
HRP substrate as AEC (3-amino-9-ethylcarbazole, C 14 H 14 N 2 ) 
forms intense red color spots (21). However, AEC is unstable 
(21) and spots may lose their color resulting in a loss of primary 
data. Another HRP substrate, DAB (3,3-diaminobenzidine, 
C 12 H M N 4 ), produces brown color spots, which are less intense 
than spots formed by AEC precipitate (21). Unlike AEC, DAB 
is stable, but is carcinogenic, which may be a major drawback 
in using this chromogen. It appears that the most frequently 
used chromogen is a mixture of BCIP (5-bromo-4-chloro-3- 
indolylphosphate ^-toluidine salt, C 15 H 15 N 2 4 PClBr) with NBT 
(nitroblue tetrazolium chloride, C 40 H 30 N 10 O 6 Cl 2 ). BCIP/NBT 
is converted into insoluble black-blue spots by alkaline phos- 
phatase (21). Spots formed by BCIP/NBT, do not fade over 
long periods of time allowing reanalyze primary ELISPOT data 
when needed. 



2.4. Fluorescence 
ELISPOTAssay 



In addition to chromogenic substrates, which develop colors that 
can be seen using bright- field microscopy, detection can be also 
done using fluorescent probes. This modification of ELISPOT 
was given a name Fluorospot and employs anticytokine antibod- 
ies conjugated to fluorescent probes. Fluorospot allows simulta- 
neous detection of two cytokines secreted by the same cultured 
immune system cells (26, 27). 



2.5. Assay Developing 
Procedures 



The secretion capacity of cells may be tested in two ways (1) 
cells are cultured in a designated plate and then transferred into 
ELISPOT plates (28-30) or (2) cells are stimulated and cultured 
directly in ELISPOT plates (31, 32). When cells are cultured and 
stimulated outside ELISPOT plate need to be washed with fresh 
culture media before plating them into ELISPOT plate to avoid 
background staining (see Notes 1 and 2). 
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2.6. Membrane 
Microplates 



ELISPOT assays can be performed using either all plastic 
plates (4, 33) or plastic plates backed with either PVDF (34, 
35) or nitrocellulose membranes (33, 36). Membranes support 
the growth of the cultured cells, have a much higher retaining 
capacity for capture antibodies than plastic plates, and white 
color of membranes provides an excellent backdrop for enu- 
meration of colored spots [characteristics and attributes of 
membranes are reviewed in details by Weiss (37)]. In ELIS- 
POT assay, the flow of reagents through or across the mem- 
brane is not required, but rather a diffusion of cell- secreted 
molecules toward capture antibodies immobilized on the 
membrane. Membrane plates are manufactured by different 
vendors including Millipore Corporation, Pall Corporation, 
and Whatman. It appears that Millipore plates are more popu- 
lar for ELISPOT assay, due to the fact that after finishing the 
assay, membranes can be easily removed from the plate for 
archiving purposes. 



2.7. Archiving ELISPOT 
Data 



After finishing the experiment, ELISPOT plates considered 
primary experimental data and it may be required to store them 
in a safe place. Unfortunately 96-well plates are bulky and their 
storage requires a lot of space. To solve this problem, membranes 
with spots can be from ELIPSOT plates, laminated, bar-coded, 
and compactly stored in a binder. Figure 3 shows a membrane 
removal device (http://www.mvspacific.com), which allows 
quick simultaneous removal of all membranes from the ELIS- 
POT plate. Removed membranes can be laminated using heat 
laminators for additional protection. 




Fig. 3. Membrane removal device (courtesy MVS Pacific) for simultaneous removal of all 96 membranes from ELISPOT 
plates. Removed membranes can be laminated for additional protection and stored in a binder. 
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2.8. ELISPOT Assay 
Formats 



There are two major commercial formats of ELISPOT assay (1) 
fully developed and optimized ready-to-use kits and (2) a set 
of reagents which the researcher needs to optimize by himself. 
ELISPOT assay standardization and validation techniques (see 
Note 3) are covered in detail by Janetzki et al. (32) It appears 
that ready-to-use ELISPOT kits are the best choice for large- 
scale clinical trial projects which require convenience and a high 
degree of accuracy (38). R&D Systems, Inc. (http://www. 
rndsystems.com) was the first company which designed and 
introduced ready-to-use ELISPOT kits which include precoated 
PVDF membrane microplates, wash buffers, detection antibody, 
enzyme conhugate, and a color reagent. 



3. ELISPOT Data 
Analysis 



In ELISA assay, the concentration of the molecules in the sample is 
determined by measuring the optical density of the color substrate 
solution filling the wells (20), whereas in ELISPOT, cell- secretion 
capacity is measured by counting colored spots at the bottom of 
the well (2, 3, 32). The term "spot forming cells," or SFC, is used 
as a quantitative measure of the cell secretion activity in ELISPOT 
assay (39, 40). After finishing the assay, spots can be counted either 
manually or by using computer-aided image analysis (41). Manual 
counting can be done using, for example, a dissecting microscope 
but is very inefficient and time consuming. Computer-aided quan- 
tification of spots is thought to be more reliable than the manual 
counting (41, 42) and currently several automated ELISOPT read- 
ers are available from different vendors (e.g., Zeiss, C.T.L., and 
MVS Pacific) and they allow fast and accurate quantification of 
spots. Figure 2 describes a typical single -well image from ELIS- 
POT plate recorded with automated QHub ELISPOT reader 
manufactured by MVS Pacific (http://www.mvspacific.com). 



4. Notes 



1 . Spot staining. The quality of staining in ELISPOT assay is of 
key importance in obtaining quantifiable spots. The ultimate 
goal of ELISPOT operator is to obtain strongly stained spots 
and a low background hindering the detection and counting 
of spots (43). Background may be caused by using a low affin- 
ity capture antibodies: cytokine molecules secreted from cells 
dissociate from capture antibodies surrounding the releasing 
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cell diffuse in the well and bind to capture antibodies in the 
cell-free zone. Background can be also caused by disturbing 
ELISPOT plate with cells during the incubation: frequent 
opening and closing of the incubator's door will shake the 
ELISPOT plate and facilitate diffusion of secreted cytokines 
away from the secreting cell. Another source of background 
is the adsorption of detection antibodies, enzyme conjugate, 
and precipitating substrate onto the membrane: preliminary 
experiments need to be done to determine whether reagents 
can bind to membranes in ELISPOT plates even without cells. 
We have found that wrapping ELISPOT plates into aluminum 
foil reduces background staining, improves contrast of stained 
spots across the entire membrane, and improve well- to -well 
reproducibility (44). It appears that aluminum foil facilitates 
even distribution of heat across the bottom of ELISPOT plate 
in C0 2 incubator. 

2. Washing procedures. The ultimate purpose of washing ELIS- 
POT plates is to remove cultured cells and unbound reagents 
(detection antibodies, enzyme conjugate, enzyme substrate) 
form ELISPOT plates to minimize background staining. Plates 
can be washed, for example, with phosphate buffered saline 
(PBS) of various pH and molarity. It is necessary to remove 
as many cells as possible by washing since stained cells may be 
confused with specific spots and thus affect the accuracy of 
quantification. However, if washing of cells with buffer does 
not help, treatment of plates with enzymatic cell -detachment 
reagents may be an option (53). 

3. Viability of cultured cells and their removal from the plate. The 
quality of staining also depends on the quality of cultured cells. 
It is of critical importance to determine the percent of dead 
cells (for example by trypan blue exclusion). We have found 
that having a high number of dead cells in the ELISPOT plate 
(30-50% and more) may result in a high background staining 
obscuring specific spots and making their quantification chal- 
lenging. It is likely that cytokine -secreting capacity of cells is not 
known in advance, and therefore it is recommended to do serial 
cell dilutions: 10 3 , 10 4 , 10 5 , 10 6 cells per well. This will help to 
determine the optimal cell dilution, which produces quantifiable 
spots. ELISPOT can be also performed with cells stored in liq- 
uid nitrogen: freezing of peripheral blood lymphocytes did not 
impair their physiology (45, 46) and cytokine -secreting activ- 
ity (35, 47-49). We have reported previously that cryopreserved 
peripheral blood lymphocytes are suitable for studying secretion 
of multiple cytokines (50). Other reports indicate that cryopre- 
served cells can be more active in secreting some cytokines (51, 
52). This may be due to elimination of platelets (cytokine secre- 
tion inhibitors) which do not survive freezing (35). 
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Chapter 38 



A Brief Review of Other Notable Protein Blotting Methods 

Biji T. Kurien and R. Hal Scofield 



Summary 

A plethora of methods have been used for transferring proteins from the gel to the membrane. These 
include centrifuge blotting, electroblotting of proteins to Teflon tape and membranes for N- and C-terminal 
sequence analysis, multiple tissue blotting, a two-step transfer of low and high molecular weight proteins, 
blotting of Coomassie Brilliant Blue (CBB)-stained proteins from polyacrylamide gels to transparencies, 
acid electroblotting onto activated glass, membrane -array method for the detection of human intestinal 
bacteria in fecal samples, protein microarray using a new black cellulose nitrate support, electrotransfer 
using square wave alternating voltage for enhanced protein recovery, polyethylene glycol-mediated 
significant enhancement of the immunoblotting transfer, parallel protein chemical processing before 
and during western blot and the molecular scanner concept, electronic western blot of matrix- assisted 
laser desorption/ionization (MALDI) mass spectrometry-identified polypeptides from parallel processed 
gel-separated proteins, semidry electroblotting of peptides and proteins from acid-urea polyacrylamide 
gels, transfer of silver- stained proteins from polyacrylamide gels to polyvinylidene difluoride (PVDF) 
membranes, and the display of K + channel proteins on a solid nitrocellulose support for assaying toxin 
binding. The quantification of proteins bound to PVDF membranes by elution of CBB, clarification 
of immunoblots on PVDF for transmission densitometry, gold coating of nonconductive membranes 
before MALDI tandem mass spectrometric analysis to prevent charging effect for analysis of peptides 
from PVDF membranes, and a simple method for coating native polysaccharides onto nitrocellulose are 
some of the methods involving either the manipulation of membranes with transferred proteins or just a 
passive transfer of antigens to membranes. All these methods are briefly reviewed in this chapter. 

Key words: Centrifuge blotting, Black cellulose nitrate, Protein microarray, Square wave alternat- 
ing voltage, Acid electroblotting, Electronic western blotting, Gold coating of membranes 



1 . Centrifuge 
Blotting 



Hermansen et al. (1) describe a method to elute and transfer 
proteins, detected in the gel by visualization with 1 M potas- 
sium chloride (KC1), to a polyvinylidene diflouride (PVDF) 
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(Immobilon-P, BioRad Laboratories, Hercules, CA, USA) 
membrane by centrifugation instead of electroblotting. The SDS 
polyacrylamide gel was immersed in 1 M KC1 for 2 min. Protein 
bands that appear as a clear zone against an opaque background 
were cut out and immersed in distilled water to remove excess 
KC1 (3-5 min). The gel pieces were then used for centrifuge blot- 
ting or stored moist in a microcentrifuge tube at -20°C. 

PVDF and dialysis membranes (10 kD cutoff) were excised 
into 12 -mm disks. The PVDF disk was moistened in methanol 
for 5 min for activation. The gel bit was soaked in an eluant for 
15 min at 37°C. The dialysis and PVDF membranes were soaked 
in the eluant (3-5 min) prior to centrifugation. 

The centrifuge receptacle assembly consists of an outer chamber 
that supported the entire structure, an inner cylinder (serving as 
the reservoir for the eluant), a 12 -mm sinter base support made 
of polyethane, which holds the dialysis and PVDF membranes in 
place, a polystyrene tube for eluate collection, and a flat O-ring 
gasket made of silicon to prevent leakage in the receptacle during 
centrifugation. 

The dialysis membrane was positioned on the base support 
of the receptacle followed by the O-ring. An eluant was added 
on the dialysis membrane prior to placing the PVDF membrane. 
This prevents formation of vacuum between the PVDF and dialy- 
sis membranes. The inner cylinder is screwed in the receptacle 
after the PVDF membrane is placed on top of the O-ring. The 
eluant was added into the receptacle after placing the gel bit on 
top of the PVDF membrane. Centrifugation was carried out at 
3,000 x $ at 20°C for 1 h in a table top centrifuge. Following 
centrifugation the PVDF membrane with the transferred pro- 
tein adhering to it was vacuum dried and stored at -20°C for 
N- terminal sequence analysis or other analyses. The dialysis 
membrane placed beneath the PVDF membranes helps retain the 
nonimmobilized proteins (1). 



2. Electroblotting 
of Proteins to 
Teflon Tape and 
Membranes for 
N- and C-Terminal 
Sequence Analysis 



Several membranes have been used in electroblotting since the 
inception of the electrotransfer of proteins from polyacrylamide 
gels to membranes and the subsequent characterization of the blot- 
ted proteins (2). The chemical inertness of a membrane has been 
one of the critical properties that determined the usefulness of a 
particular membrane in electroblotting. Proteins eletrotransferred 
to nitrocellulose cannot be subjected to Edman sequencing but 
are amenable to in situ proteolytic digestion. PVDF (polyvinyli- 
dene diflouride) membranes have been widely used for N- terminal 
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sequencing applications on account of the fact that they are inert 
to Edman degradation chemistry. 

This study, to evaluate the electrotransfer of proteins to 
Teflon tape and membranes, was initiated on account of the fact 
that PVDF membranes were not inert to the chemistry used on 
a Hewlett-Packard G1009A C-terminal sequencer. Burkhart et 
al. (3) report the optimized conditions for electrotransfer of pro- 
teins from polyacrylamide gels to low- density Teflon tape and 
GORE-TEX expanded polytetrafluor ethylene membranes that 
were discovered to provide performance similar to that obtained 
with PVDF. Teflon was found to be a suitable Edman sequenc- 
ing support in an earlier study (4). Teflon blots were found to be 
amenable to amino acid analysis, in situ proteolytic digestion, and 
a combination of N-terminal sequencing followed by C-terminal 
sequencing in addition to being inert to the chemistry used on 
Hewlett-Packard G1009A C-terminal sequencer. 

In this procedure, electrophoretically separated proteins 
were electrotransferred onto Teflon membrane. The Teflon tape 
or GORE-TEX was moistened thoroughly with absolute etha- 
nol prior to assembling the blotting sandwich. The proteins were 
stained with 0.005% sulforhodamine B in 30% methanol for 10 
min following transfer. The blots were washed several times with 
distilled water, prior to drying, to remove excess stain (3). 

Blotted protein bands were cut out from dry blots and placed 
directly into the reaction cartridge without additional washing 
for automated sequencing purposes. They were found to be 
amenable to both N- and C-terminal sequencing. As long as the 
described wetting procedures (it was important to moisten the 
membranes with absolute ethanol or isopropanol and not with 
methanol and to keep the membrane wet with ethanol and not 
equilibrated with transfer buffer prior to being placed next to 
the gel on the blotting sandwich) were followed, the ease of 
preparing samples on Teflon blots was similar to that on PVDF 
membranes. However, Teflon tapes were not useful for western 
blotting owing to their low porosity. 



3. Multiple Tissue 
Western Blot 



An important part of protein blotting is the study of compara- 
tive protein levels in various tissues. Analysis of this kind permits 
characterization of tissue-specific protein isoforms, detection of 
immunologically related proteins, and examination of posttrans- 
lational modifications leading to changes in molecular weight. 
Immunoblot analysis of this kind requires considerable expenditure 
of money, time, and energy in terms of obtaining hard- to -get 
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human tissues, protein content normalization, preparation of 
protein samples, and electrophoretic separation and transfer. The 
availability of prefabricated immunoblots would allow the inves- 
tigator to proceed directly to the antigen detection phase of the 
experiment. 

Human multiple tissue western (MTW) blots provide a new 
immunological tool for the investigation of tissue -specific protein 
expression. MTW blots are premade immunoblots (5) and are 
prepared utilizing proteins isolated from adult human tissue. 
The proteins are obtained from whole tissue under conditions 
of minimal proteolysis and ensuring maximal representation of 
tissue -specific proteins. Proteins are solubilized in sodium dodecyl 
sulfate (SDS) and fractionated by SDS polyacrylamide gels. They 
are then electroblotted onto polyvinylidene fluoride membranes 
to generate blots ready for incubation with specific antibodies. 
Following detection of antigen, the blots can be reused several 
times using a stripping protocol (see Chapter "Sequential Use 
of Immunoblots for Characterization of Autoantibody Specifi- 
cities") that permits the selective removal of both primary and 
secondary antibodies in a single incubation. Multiple reprobing 
makes this protocol very useful to study human-tissue-specific 
proteins. 



4. A Two-Step 
Transfer of Low 
and High 
Molecular Weight 
Proteins 



Transfer of high molecular weight proteins has been the bane of 
investigators everywhere (6). When higher percentage gels are 
used this problem is accentuated. Interestingly, investigators have 
sought to increase the transfer of large proteins by enhancing 
the degree of protein migration out of the gel during the trans- 
fer. Researchers have used prolonged electrotransfer (16-21 h) 
at high current density along with inclusion of SDS in the trans- 
fer buffer to enhance protein elution and efficiently transfer high 
molecular weight proteins (7, 8). 

Adding SDS to a final concentration of 0.1% in the transfer 
buffer and transferring for 21 h helps to quantitatively transfer 
proteins (7). Some investigators have used novel gels and blot- 
ting buffers (6) to efficiently transfer high molecular weight 
proteins. These investigators made gels using a 50:1 ratio of 
acrylamiderbisacrylamide in all experiments, since they were 
mainly interested in transferring high molecular weight proteins. 
In addition, they also used a different blotting buffer. Others 
(9) have cleaved high molecular weight proteins with periodate 
or alkali, before transfer, to facilitate transfer of proteins. Partial 
proteolytic digestion of high molecular weight proteins prior to 
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transfer (10) has also been attempted. Bigger pore sizes provided 
by agarose gels have been used to advantage in (11) a compos- 
ite agarose-polyacrylamide gel containing SDS and urea for this 
same purpose. 

Otter et al. (8) used a two-step procedure to electrotransfer 
both high molecular weight (greater than 400,000) and low 
molecular weight (less than 20,000) proteins from polyacryla- 
mide gels to nitrocellulose sheets. The salient features of this 
method included a two-step electrotransfer. The low molecular 
weight polypeptides were eluted at a low current density (approx- 
imately 1 mA/cm 2 ) for 1 h. This was followed by prolonged 
electrotransfer (16-20 h) at high current density (approximately 
3.5-7.5 mA/cm 2 ) under conditions that favored the transfer of 
high molecular weight proteins. SDS (0.01%) was added to the 
transfer buffer to enhance protein transfer. The nitrocellulose 
was air- dried following the transfer to eliminate protein loss dur- 
ing subsequent processing. This transfer procedure was found to 
work well with all polyacrylamide gel systems tested and with 
proteins prepared from many different cell types. 



5. Blotting of 

Coomassie 

Brilliant 

Blue-Stained 

Proteins from 

PAGE Gels to 

Transparencies 



The transfer of proteins from fixed SDS gels, stained with 
Coomassie, to nitrocellulose for purposes of immunostaining has 
been documented (12). The procedure required the complete 
removal of the stain followed by equilibration of the gel in SDS 
running buffer prior to transfer. The efficiency of transfer was 
comparable with that obtained with unfixed gels. The protein 
pattern of the transfer was found to be sharper, probably due to 
reduced diffusion during the transfer process, and protein anti- 
genicity was found to be unaffected. 

The transfer of proteins stained with Coomassie Blue from 
polyacrylamide gels to transparencies of the type used in plain- 
paper copiers have also been demonstrated (12, 13). The details 
of the original electropherogram were retained on transfer, and 
this did not fade over a period of 3 years. The protein transferred 
along with the dye, but failed to transfer in absence of the dye. 
Protein patterns present in SDS -polyacrylamide gel electrophoresis 
(PAGE), nondenaturing PAGE, SDS -agarose, and isoelectric 
focusing PAGE were found to be transferred successfully follow- 
ing staining with the dye. Proteins visualized with other organic 
dyes such as Uniblue A 3, Fast Green FCF 2, and Procion Blue 
MX-R 4 were also found to transfer. However, proteins stained 
with Stains -all 5 or silver did not transfer. This transfer method, 
thus, provides a simple, economical way to preserve data from 
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slab gel electrophoresis and a convenient method to display data 
using an overhead projector. 



6. Toxin Binding 

to Chimeric K + 

Channels 

Immobilized 

on a Solid 

Nitrocellulose 

Support 



Chip technology is playing an important role in pharmaceutical 
and biological research. Microarrays that are used currently 
involve DNA. Peptides are also used to some extent. Large pro- 
teins, however, have not been used extensively mainly owing to 
difficulties associated with purification and structural integrity 
(14, 15). It is even more problematic in the case of membrane 
proteins that are often stabilized by the lipid moiety. There have 
been reports of the functional immobilization on gold/glass 
(16) or sensor surface of BIAcore chip (17) of a ligand- activated 
G-protein-coupled receptor. K + channels are membrane proteins 
making up the largest and most ubiquitous family of ion chan- 
nels that control excitability in a number of cell types. Several 
neurological diseases have been thought to be involved owing 
to the dysfunction of these channels and as a result are potential 
targets for therapeutic drugs (15). Therefore, displaying K + chan- 
nel proteins on a solid surface is valuable, potentially leading to 
clinical applications. Such an approach also has the potential for 
drug screening methodologies. 



7. Development 
of a Membrane- 
Array Method for 
the Detection of 
Human Intestinal 
Bacteria in Fecal 
Samples 



All mammals, including human beings, are adapted to life in a 
world of microbes. For every gram weight of human intestinal 
contents there are 10 10 -10 12 colony forming units of bacteria 
(this is 10-20 times the total number of tissue cells in the whole 
body) (18). At least 400 different species of bacteria (of which 
30-40 species account for 99% of the total microflora) colonize 
the human gastrointestinal tract (GIT) (19, 20). The indigenous 
intestinal bacteria play important roles in food digestion, 
production of vitamins and other essential nutrients, metabolism 
of endogenous and exogenous compounds, and prevention of 
pathogenic microflora from colonizing the GIT. Therefore, the 
knowledge relating to the numbers and bacterial species found 
in the human GIT is important (21). The safety implications of 
antibiotic resistant bacteria in foods, contamination of foods by 
fecal material, the effect of diet, food additives, and veterinary 
drug residues on the ecosystem of the intestine, and the use of 
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probiotics in the prevention and treatment of GI disorders have 
stimulated the interest in intestinal microflora (20). 

The population of anaerobic bacteria in the human GIT has 
been characterized traditionally by biochemical, microscopic, 
physiological, and selective culture plating methods of fecal sam- 
ples from human beings. A number of molecular techniques have 
been used in recent years to analyze the bacterial flora in human 
fecal samples. Such analysis can detect changes in the human GIT 
flora rapidly and precisely (19, 20). 

Wang et al. (20) have used a nitrocellulose membrane -array 
method to detect human GIT bacteria in fecal samples without 
the use of expensive microarray arrayer and laser scanner. Three 
40-mer oligonucleotides specific for each of 20 important human 
GIT bacterial species (total 60 probes) were designed and synthe- 
sized, based on comparison of the 16S rDNA sequences in the 
GenBank data library. 

The oligos were diluted and xylene cyanol was added as an 
indicator. The diluted oligos were heated in a boiling water bath 
for 2 min and then cooled immediately in ice water for 1 min. The 
cooled oligos were applied to the nitrocellulose membrane with a 
micropipetman in a 6 x 10 array. The membranes were heated at 
80°C for 2 h after air- drying and UV cross -linking. Digoxigenin 
(DIG) -labeled 16S rDNAs were amplified by polymerase chain 
reaction from human fecal samples or pure cultured bacteria with 
the help of two universal primers and hybridized to the mem- 
brane array. Hybridization signals were read by NBT (nitro blue 
tetrazolium)/BCIP (5-bromo-4-chloro-3-indolyl phosphate) 
color development. The two universal primers were found to 
amplify full size 16S rDNA from all the 20 bacterial species that 
were tested. The membrane -array method was thus found to be a 
reliable method for the detection of important human intestinal 
bacteria in the fecal samples (20). 



8. A New Black 
Cellulose Nitrate 
Support for 
Protein Microarray 



Protein microarray is still in an early stage of development com- 
pared with the well-established DNA microarray technology. 
This is due to the different physical and chemical properties of 
nucleic acids and proteins. There is no comparable amplification 
method for proteins like PCR used for nucleic acids, and also 
proteins are much more complicated to purify. The irreversible 
denaturation of proteins during the process of immobilization 
and the insufficient stability of purified proteins are still prob- 
lematic (22, 23). An optimal surface for all proteins has not been 
discovered yet owing to the varying properties of different proteins. 
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Reck et al. (24) have used a modified nitrocellulose membrane for 
the optimization of a microarray sandwich-enzyme-linked immu- 
nosorbant assay (ELISA) against hINF (human interferon )-y. 
This membrane was found to provide an excellent signal-to-noise 
ratio (SNR) and very little autofluorescence. The novel microar- 
ray slide used by these investigators was a self-made prototype 
coated with a black microporous cellulose nitrate substrate. The 
porous nitrocellulose substrate was produced by Sartorius Stedim 
Biotech (GmbH, Gottingen, Germany) using an evaporation 
technology Porous nitrocellulose substrates that are available 
commercially tend to produce a high background fluorescence 
through their overall thickness even though they provide high 
protein binding capacity. Such background fluorescence may be 
caused by the substrate itself or by the adhesives used to attach 
the cellulose nitrate to glass. Sartorius developed a novel recipe 
and adhesive -free manufacturing procedure to overcome this 
problem. The white substrate made by Sartorius was already 
optimized for high binding capacity and low autofluorescence 
(made possible by the choice of various cellulose nitrate grades). 
The black substrate was made to provide an additional benefit by 
adsorbing background fluorescence originating in the depth of 
the structure. The added coloring material is essential for the low 
autofluorescence of the black substrate. 

Reck et al. (24) used this self-made black nitrocellulose mem- 
brane with a high SNR and low autofluorescence as a microarray 
substrate. For spotting automation, an affymetrix 417 contact 
printer was used. Probes were spotted using a spotting buffer 
containing phosphate buffered saline and 0.5% trehalose to which 
40% glycerol was added to prevent denaturation and improve the 
stability of protein probes. Using this black nitrocellulose mem- 
brane the authors have optimized a microarray sandwich-ELISA 
against hINF-y (24). 



9. Quantification 
of Proteins Bound 
to PVDF Mem- 
branes by Elution 
of Coomassie 
Brilliant Blue 



Proteins transferred to PVDF membranes can be stained with a 
variety of stains including Coomassie Brilliant Blue (CBB), amido 
black, and colloidal gold (25). It becomes essential to determine 
the amount of protein present on the membrane in order to 
accurately determine the sensitivity of immunostaining, initial 
yields from protein microsequencing, and the specific activity of 
enzymes bound to PVDF. Since the extent and rate of electrob- 
lotting is likely to change between samples, such values cannot be 
obtained from the amount of loaded proteins. Therefore, Kain 
and Henry (26) developed a method to quantify proteins bound 



A Bries Review of Other Notable Protein Blotting Methods 375 

to PVDF membrane by elution of CBB, in order to quantify 
proteins for microsequencing. Proteins were resolved on a 13% 
gel and transferred to PVDF. 

The membrane was stained with CBB and rapidly destained. 
The stained membrane was air- dried and individual protein 
bands were excised with a scalpel. The protein from each PVDF 
piece was eluted with 0.1% SDS/50% isopropanol. The colored 
liquid was removed and read at 595 nm using a Beckman Model 
DU-40 spectrophotometer after calibrating with CBB eluted 
from a PVDF fragment derived from a region of the blot that 
did not have a protein band. The proteins are not eluted along 
with the dye. The authors eluted CBB from 14 C labeled pro- 
teins electrotransferred to PVDF membranes and subjected the 
eluted solution and the PVDF membrane containing the radi- 
olabeled protein to liquid scintillation counting. Virtually all of 
the protein was found to be retained on the PVDF membrane 
fragment during CBB elution. The authors also found that 
each of the protein that they tested gave a linear response with 
respect to the change in absorbance in the protein range of 500 
ng to 10 |Lig. The slope of each curve was found to differ consid- 
erably, confirming the well-known fact regarding the variance of 
CBB bound by different proteins. Thus, in any assay of protein 
content a standard curve with the protein of interest needs to 
be obtained to get the most accurate quantitative results. This 
protocol is useful for the analysis of multiple samples since the 
absorbance readings obtained from the eluted dye stay stable 
for up to 1 h. This procedure is not dependent on bandshape, 
since it could be useful in the quantitation of proteins separated 
by two-dimensional gel electrophoresis. Densitometric scan- 
ning of 2-D gels is complicated by the lack of uniformity in the 
shape of protein spots. On account of the fact that the proteins 
are not extracted from the membrane, this procedure is use- 
ful for protein quantitation before protein microsequencing, 
for analysis of amino acid composition and for immunological 
procedures. 



10. Enhanced 
Protein Recovery 
After 

Electrotransfer 
Using Square 
Wave Alternating 
Voltage 



Bienvenut et al. (27) studied the efficiency of protein transfer 
using the conventional continuous current (as in Towbin transfer 
system) and the use of an unusual square wave alternative voltage 
(SWAV). 

In this procedure, immediately following SDS-PAGE, the 
gels were soaked in deionized water for 5 min and then equili- 
brated two times (5 min each time) in the cathodic blotting 
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buffer. Transblot PVDF membranes were equilibrated with the 
anodic buffer for 5 min. The standard blotting technique used 
a continuous current (1 mA/cm 2 ) using 3-(cyclohexylamino)- 
1 -propane -sulfonique acid (CAPS) buffer. The voltage used in 
the SWAV method of transfer was an asymmetrical alternating 
voltage also using CAPS buffer. This method delivered +12 V 
for 125 ms followed by -5 V for 125 ms repetitively. This cor- 
responded to a 4 -Hz frequency signal and an average tension of 
3.5 V. Following transfer the gels were stained with Coomas- 
sie Blue and the membranes were stained with amido black 
and destained by repeatedly washing with deionized water. 
An average 65% increase of protein recovery was observed 
using the SWAV technology in combination with CAPS buffer 
compared with that obtained with standard immunoblotting 
conditions (27). 



1 1 . Polyethylene 
Glycol-Mediated 
Significant 
Enhancement 
of the Immunob- 
lotting Transfer 



Zeng et al. (28) have studied the effects of polyethylene glycol 
(PEG) on protein fixation, electrotransfer from SDS-polyacr- 
ylamide gels onto PVDF membranes, and immunoblotting. 
Serum proteins were resolved by sodium dodecyl sulfate poly- 
acrylamide gel electrophoresis (SDS-PAGE) and the gel was 
then immersed in a 30% PEG 2000 buffer for 2 h for reversibly 
fixing the proteins (unlike trichloroacetic acid-sulfosalicylic acid 
or acetic acid-methanol systems that irreversibly fix proteins). 
PEG 1000, 1500, or 2000 (at 30% level) were found to have 
almost equal ability to preserve the protein bands in the gels 
very well. PEG less than 1000 was not found to have significant 
effect. The proteins in the gel were electrotransferred to PVDF 
for 24-48 h (in a -20°C freezer at 200 mA/120 V) using the 
same buffer and visualized finally by the indirect HRP-antibody 
method. The total protein detected (lowest level) per lane was 
25 pg. It was found that when the transfer was carried out in 
the absence of PEG, a similar immunostain revealed a signifi- 
cantly lower sensitivity and the bands obtained were found to 
be slightly blurred. PEG 1000-2000 was capable of increasing 
the sensitivity of immunoblotting by 10-100-fold. This increase 
is thought to be brought about by its nondenaturing hydropho- 
bicity with (a) self- association of protein molecules that could 
diminish protein blow- through (through the PVDF mem- 
brane), (b) miniaturization caused by PEG, possibly increasing 
the intraband protein density, and (c) possible enhancement 
of the interaction between free antigen and antibody by PEG 
treatment. 
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12. Acid 
Electroblotting 
onto Activated 
Glass 



12. 1. Activation 

of Glass Fiber Sheets 

(Acid Etching) 



12.2. Acid Blotting 



Data obtained from partial amino acid sequencing have been 
used frequently in assisting the isolation of a gene coding for 
a specific protein and also for confirming that the right gene 
has been isolated. To establish the structure of the mature gene 
translation product and to cross-check sequences determined 
at the nucleic acid level more extensive amino acid sequence 
data can be employed. Aebersold et al. (29) have used a proce- 
dure to electroblot proteins to activated glass to isolate subpico- 
molar levels of proteins for microsequencing. They considered 
nitrocellulose and nylon membranes for this purpose. However, 
nitrocellulose was found to dissolve during the sequencing 
chemistry while the charge-modified nylon membranes were 
found to collapse into a solid pellet during the procedure. The 
glass fiber paper support was found to be completely stable to 
the sequencing conditions. But, untreated glass fiber sheets 
possess a very limited ability to adsorb proteins. However, the 
authors found that the glass fiber sheets developed considerable 
capacity to adsorb proteins (7-10 |Lig/cm 2 ) following treatment 
with triflouroacetic acid (TFA). The mechanism of protein 
adsorption was a result of ionic interaction of the net positively 
charged proteins (owing to the acidic transfer buffer) to the 
negative charges on the glass fiber sheet. The TFA treatment 
of the glass sheet apparently unveiled these negative charges on 
the sheet. 

Whatman GF/C or GF/F circles or sheets were placed inside 
neat TFA in a covered Petri dish and incubated for 1 h at room 
temperature. Extreme care was taken to avoid air bubbles if more 
than one sheet was used. The glass fiber sheets were dried 
completely until there was no trace of TFA. 

The SDS from the proteins, following SDS-PAGE, was dis- 
placed by immersing the gels in 0.5% (v/v) acetic acid con- 
taining 0.5% Nonidet P-40 for 10 min at room temperature. 
Before assembling the sandwich for blotting, each of the blot- 
ting components was incubated with the blotting buffer. How- 
ever, in order to minimize acid-catalyzed protein cleavage, acid 
concentration was kept as low as possible. Blotting was carried 
out. At this low pH of protein transfer, the proteins have a net 
positive charge and migrate toward the cathode onto the glass 
fiber paper. 

Protein bands, following detection with Coomassie or flu- 
ourescent staining, were excised out of the glass fiber sheets and 
placed in the cartridge of a gas-phase sequenator without further 
treatment (29). 
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13. Clarification 
of Immunoblots on 
PVDF for 
Transmission 
Densitometry 



For protein quantitation, methods such as radioimmunoassay or 
enzyme-linked immunosorbent assay have been used. However, 
these assays cannot provide much information regarding the 
characteristics of the protein, nor can they distinguish between 
cross -reactive species including different protein components 
that react with the probe. Consequently, SDS PAGE followed by 
immunoblotting is required to quantify events such as cleavage of 
polypeptide fragments utilizing polyclonal sera or the determina- 
tion of enzyme activation status consequent to a loss of proen- 
zyme domains (30). 

While results are compromised by the limited linearity of 
photographic methods, immunoblot quantification has been 
done indirectly by densitometry carried out on the autoradio- 
graph of the blot (31) as well as by making a transparent copy of 
the blot (30). Tagami et al. (32) have performed densitometry of 
a dry, color- stained blot with a laser on account of the intensity 
and collimation of the light source. However, it was found that 
the absorbance of even the unstained parts of the membrane was 
approximately 2 and also leading to variable baselines since they 
were found to be very sensitive to warping (33). However, it 
was found that such densitometry was possible if the membranes 
could be rendered transparent like a polyacrylamide gel. Nitro- 
cellulose could be made transparent by treating with three-in- 
one lubricating oil (33), thus allowing the blot to be quantitated 
using a conventional densitometer, analogous to the manner in 
which gels are scanned. However, PVDF (on account of its more 
hydrophilic character) was not made transparent by treatment 
with oil. 

Tarlton and Knight tried several solvents differing in refrac- 
tive index to make PVDF transparent (30). Their idea was that if 
PVDF could be made transparent like nitrocellulose it could be 
used for several experiments that were not possible with nitrocel- 
lulose, such as adsorbing lipids for the detection of anticholesterol 
antibodies, to be used in conjunction with transmission densit- 
ometry. They found that ethylene glycol was the most effective. It 
was found that ethylene glycol/glycerol mixture (9:1; v/v; refrac- 
tive index of 1.433) was found to bring about the most optimal 
clarification of PVDF membranes. For this procedure dry PVDF 
membrane was first moistened in methanol and then immersed in 
a solvent mixture with a minimum of one change of the solvent, 
and optical absorbance of PVDF was measured with a laser den- 
sitometer. Immunoblots were taken from storage in water and 
immersed in the clarification mixture with two changes. 

The authors found that the PVDF immunoblots could be 
examined over long periods of time without loss of transparency, 
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owing to the low volatility of both ethylene glycol and glycerol. 
The authors found no fading of bands after repeated clarification 
of dried PVDF blots by ethylene glycol/glycerol over a period 
of 2 months. However, clarification of nitrocellulose for the pur- 
pose of quantitative densitometry was found to produce some 
fading when oil was used. 



14. Parallel 
Protein Chemical 
Processing Before 
and During 
Western Blot and 
the Molecular 
Scanner Concept 



Following gel electrophoresis, the proteins are stained with 
either CBB or silver, and spots containing the protein of inter- 
est are excised either manually or using robotic methods. Fol- 
lowing several rounds of washing, the gel slices are subjected to 
in-gel tryptic digestion. The tryptic peptides are extracted from 
each gel slice and concentrated, purified, and subjected to mass 
spectrometry. The robots that carry out the initial sample prepa- 
ration are expensive. Furthermore, the investigator has to keep 
track of how each sample was related to the original gel during 
all of these steps, thus introducing opportunities for confusion. 
Matrix- assisted laser desorption/ionization (MALDI) mass spec- 
trometry directly on a polymeric surface has been performed as 
early as 1990 (34). Specifically, proteins transferred to a capture 
membrane can be analyzed by scanning the surface with the laser 
beam of a MALDI machine. The concept of molecular scanning 
(35) involves the use of enzymatic digestion during the blot- 
ting from an SDS-PAGE gel or two-dimensional gel to a PVDF 
capture membrane (a trypsin-coated membrane being placed 
between the gel and the PVDF membrane). This procedure does 
not require the use of gel staining, spot excision, or extraction. 
These authors found that a combination of in-gel digestion (prior 
to western blotting) together with the positioning of a trypsin- 
coated membrane between the gel and the PVDF capture mem- 
brane (during western blotting) resulted in obtaining the best 
digestion efficiency (digestion of high molecular weight and basic 
proteins without loss of low molecular weight polypeptides due 
to diffusion) compared with that obtained either by the use of 
in-gel digestion or by the use of trypsin-coated membrane alone 
during transfer. The capture membrane absorbs the peptide frag- 
ments from the digested proteins, following which the membrane 
is treated with a MALDI ionizing matrix and mass spectrometry 
analysis is carried out directly on the membrane. All the pro- 
teins that were originally present in the gel are processed at the 
same time using methods compatible with mass spectrometry. 
To obtain maximum digestion and transfer to the capture mem- 
brane the authors used a pulsed or alternating electric current 
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(an unusual SWAV - see ReO<5). The time of contact between 
the proteins migrating out of the gel, with the trypsin immobi- 
lized on the membrane was maximized by this oscillating current. 
This present study highlighted a positive influence of the "shak- 
ing" effect of the asymmetric alternative voltage on gel protein 
extraction. 



15. Electronic 
Western Blot 
of MALDI Mass 
Spectrometric- 
Identified 
Polypeptides from 
Parallel Processed 
Gel-Separated 
Proteins 



As described earlier, proteins separated by one -dimensional or 
two-dimensional gel electrophoresis are transferred directly 
through a trypsin-coated membrane onto a membrane ready for 
MALDI (37). The authors found that the protein transfer and 
efficiency of digestion were more than 95%. They identified 110 
unique proteins obtained from an Escherichia coli extract and 
149 proteins from a mouse liver homogenate resolved by one- 
dimensional SDS-PAGE. Furthermore, they used a Visual Basic 
Program to plot the identified proteins according to where they 
were found on the gel. Thus, the presence and distribution of any 
of the identified proteins could be visualized as in a western blot 
without the use of an antibody. 

Nadler et al. (37) used a special membrane and procedure to 
covalently couple trypsin to obtain a high activity, compared with 
that used by Bienvenut et al. (35). Thus, they could avoid starting 
the digestion process in the separating gel before electroblotting 
and also the use of the special oscillating electroblotting appa- 
ratus as done earlier (35). The aldehyde -activated polyethersul- 
fone membrane, Gelman US450, reacts with nucleophiles (such 
as primary amines) to form nucleophiles that are then reduced 
with sodium cyanaborohydride. The authors determined that the 
amount of trypsin covalently attached to this membrane ranged 
from 14-22 |Lig/cm 2 of membrane. This amount of trypsin had 
sufficiently high activity to bring about a quick digestion of pro- 
teins in a single pass (37). 



16. Gold Coating 
of Nonconductive 
Membranes Before 
MALDI Tandem 
Mass 

Spectrometric 
Analysis Prevents 
Charging Effect 



As seen earlier, it is possible to perform MALDTmass spectrom- 
etry directly on polyvinylidene difluoride (PVDF) membrane. 
However, it is not possible to carry out tandem mass spectrom- 
etry (MS/MS) directly on this polymeric surface. The reason 
is that the isolating material is not able to dissipate the charge 
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made by the MALDI process (34, 38). This charging effect has 
been postulated to create local perturbations in the electric field 
between the acceleration plate and the sample. To overcome this 
problem and allow MS/MS analysis on tandem TOF instru- 
ments, the sample has to be conductive to dissipate the charges. 
By depositing a thin gold layer on the surface of a nonconductive 
membrane such as PVDF, Scherl et al. (34) describe a positive 
effect. The thin gold layer is applied by anodic vaporization fol- 
lowing matrix deposition. The conductive material permits the 
dissipation of the charges, resulting in the first successful MS/ 
MS analysis of peptides from PVDF membranes using a MALDI- 
TOF/TOF instrument under normal operating conditions (34). 



17. Semidry 
Electroblotting 
of Peptides and 
Proteins from 
Acid-Urea Poly- 
acrylamide Gels 



Electroblotting protocols have been mostly designed for protein 
transfer from SDS -containing gels, using tank- type apparatus 
typically requiring 10-18 h for transfer. Semidry transfer methods 
have been developed for SDS-PAGE not long ago (39). Owing 
to its speed and convenience this procedure has been adopted for 
DNA and RNA electroblotting. 

Polyacrylamide gels without SDS provide an important ave- 
nue for separating proteins under partially denaturing or native 
conditions. Separation of proteins and peptides as a function of 
their combined size and charge has been made possible with the 
use of low pH PAGE systems. The acidic, urea- containing (AU)- 
PAGE system (40) enables excellent resolution of several proteins 
and peptides that cannot be resolved by SDS-PAGE. 

Model polypeptides such as calf thymus histone (21.5 kD), 
ribonuclease A (13.7 kD), human lysozyme (14 kD), pancreatic 
trypsin inhibitor (6.5 kD), and others with molecular weights 
ranging from 6.5 to 3.3 kD were used to test transfer parameters. 
Using a power setting of 115 mA and 5 V, a transfer solution 
of 5% acetic acid (the same solution was used for electrophore- 
sis), and a transfer time of 15 min it was possible to transfer the 
polypeptides almost completely. PVDF (0.2 |Lim) was found to be 
a superior membrane, compared with nitrocellulose (0.2 |Lim) for 
efficient transfer. 

The authors studied the effect of adding methanol to the 
transfer buffer. Methanol addition has been recommended for 
increasing protein binding capacity of nitrocellulose membrane 
(41). Wang et al. (42) found that the addition of methanol (10%) 
brought about precipitation of protein on the gel, impeding the 
electrophoretic transfer. Also, they found no increase in protein 
binding to either PVDF or nitrocellulose membranes upon addi- 
tion of methanol to the buffer. 
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18. Transfer of 
Silver-Stained 
Proteins from 
Polyacrylamide 
Gels to PVDF 
Membranes 



Wise and Lin (43) showed that they could transfer almost all the 
silver- stained proteins from a polyacrylamide gel to PVDF by rins- 
ing the gel in 2x SDS Laemmli sample before transfer. Some silver- 
stained proteins were also found to be directly transferred without 
a rinse with the Laemmli buffer. The antigenicity of the transferred 
proteins was found to be retained when transferred either way. 



19. A Simple 
Method for 
Coating Native 
Polysaccharides 
onto Nitrocellulose 



Lipid-free or protein-free polysaccharides (PS) have been reported 
to have very low affinity for plastic and polystyrene. Carbohy- 
drate molecules have been modified in an effort to increase their 
binding affinity. These modifications have involved the covalent 
attachment of poly-L-lysine biotin or tyramine to the PS. The 
modification has the possibilities of being limited by high back- 
grounds, loss of specificity, loss of antigenicity, and lack of repro- 
ducibility. 

Feng et al. describe a method to immobilize PS to nitrocellulose 
without using any modification and permitting antibody analysis 
by enzyme-linked immunoassays. Bacterial levan (a (3 (2 — ► 6)-poly- 
fructosan and dextran (a polymer of a(l — > 6) glucose), both neu- 
tral PS and a highly charged PS ( Neisseria meningitides group C 
polysaccharide; a polymer of oc(2 — ► 9) sialic acid) have been coated 
onto nitrocellulose through filtration devices. Various blotting 
assays can be used with the PS -coated membrane to investigate 
specific antibodies (44). 
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Phosphoprotein Detection on Protein Electroblot Using 
a Phosphate-Specific Fluorophore 

Lee Broderick Bockus and R. Hal Scofield 



Summary 

The reversible phosphorylation of phosphoproteins is a vital regulatory process for many cellular path- 
ways. A reliable and simple fluorescent detection technique for phosphoproteins has been developed 
using a small- molecule organic fluorophore, Pro-Q Diamond dye. This was originally developed for 
use in gel staining, but a new formulation has allowed for its use in protein blotting. The dye binds 
noncovalently and selectively to the phosphate moiety, so proteins lacking phosphate groups and other 
macromolecules such as DNA or RNA are not detected. It uses a standard electrophoresis and electrob- 
lotting technique, which can blot the sample onto nitrocellulose membranes or polyvinylidene fluoride 
(PVDF). The electroblotting is followed by staining with the dye and destaining. The blot can then be 
read by multiple types of imaging devices such as a laser- based gel scanner. This process is compatible 
with matrix- assisted laser desorption time -of- flight mass spectrometry (MALDI-TOF-MS) and Edman 
sequencing. It can also be followed by standard chemiluminescent, colorimetric, and fluorogenic detec- 
tion techniques used in immunoblotting. 

Key words: Phosphoprotein detection, Phosphoproteome, Phosphopeptides, Protein blotting, 
Pro-Q diamond, Fluorescent detection 



1. Introduction 



Protein phosphorylation is one of the most commonly occurring 
posttranslational modifications (PTM). This reversible modifi- 
cation changes the structure and consequently the function of 
the target protein. Kinases transfer the phosphate group to the 
target phosphoprotein and phosphatases remove it, creating a 
molecular on-off switch (1). This modification is a necessary 
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action in various biological processes including metabolism, 
signal transduction, cell division, gene regulation, and many 
others. It is one of the few types of reversible PTMs, and about 
one out of three proteins are phosphorylated at some point dur- 
ing their life cycle (2). Out of the four types of phosphorylation, 
O -phosphorylation is the most common, and the amino acids 
usually bound by the phosphate moiety are serine, threonine, 
or tyrosine (3). 

The widespread dependence on phosphoproteins among 
cellular processes necessitates reliable detection techniques. The 
oldest method for studying phosphorylation is isotopic labeling 
of proteins using an inorganic 32 P as a radiolabel for integration 
into phosphoproteins. After incorporation of the isotopes, this 
technique generally involves protein separation by gel electro- 
phoresis and autoradiography (4). Although a reliable technique 
for many in vitro studies, radiolabeling has many disadvantages. 
Perhaps most importantly, it can only be used in the study of 
metabolically active cells, which allows for the incorporation of 
the radioactive isotopes and therefore is not applicable in studies 
of isolated protein systems or postmortem samples. Also, since 
this technique actively phosphorylates proteins over a given time 
frame, the results can only apply to that time period and not nec- 
essarily to the native state of the cells. Lastly, the standard amount 
of radioactivity introduced into cells has been shown to induce 
apoptosis (5), which would greatly affect the phosphorylation 
patterns of the studied system. 

Western blotting is another technique that may be used 
for the detection of phosphoproteins (6). Phosphoamino acid- 
specific antibodies and 2-D gel electrophoresis have allowed 
the advancement in this technique, and it has become very 
sensitive with the development of anti-phospho antibodies and 
ECL detection (7). Although quality phosphotyrosine anti- 
bodies are available, excellent antibodies for phosphoserine and 
phosphothreonine are lacking. The variability in enzyme quality 
and specificity of western blotting can make any quantitative 
attempts inaccurate. 

The most convenient way to identify the phosphoproteins 
in a sample is to use phosphoprotein- specific stains, but this has 
been previously ineffective on account of low sensitivity as well 
as poor specificity. The advancement from colorimetric dyes to 
fluorescent dyes has allowed for more widespread and accurate 
detection of phosphoproteins. The most noteworthy of these 
is the Pro-Q Diamond dye, which is a fluorophore specifically 
formulated for phosphoprotein detection directly in the gel (8). 
This has shown the sensitivity and specificity required to make it 
a leading technique and as a result has opened the field of mul- 
tiplexed proteomics. One drawback is that the fluorescent dye is 
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not compatible with phosphoprotein detection on an electroblot 
membrane because of high background staining. 

Consequently, a more recent formulation of Pro- Q Diamond 
dye is made specifically for detection on PVDF or nitrocel- 
lulose membranes (9). Similar to the previous dye, it also binds 
directly to the phosphate moiety but the background staining is 
very low, giving clear detection on protein blots. This method 
avoids the need to extensively fix the gel, previously required 
for removal of SDS before staining, and also has much shorter 
staining and destaining times because of the more easily acces- 
sible protein on the blot. A disadvantage of this method is that 
quantitative methods of detection through multiplex proteom- 
ics become somewhat inaccurate because of the variability in 
levels of protein transferred to the membrane although a heated 
transfer or longer transfer times can alleviate this problem for 
the most part. Although this second fluorescent method is also 
slightly less sensitive, it allows one to use the various techniques 
of immunoblotting directly after the fluorescent staining is 
completed. This allows the stain and the immunoblot to use 
the same membrane, and thus eliminates the need for cross- 
referencing with polyacrylamide gels or film. 

The procedure itself is very simple and straightforward 
compared with the previous radiolabeling and western blot- 
ting techniques. First the sample is separated by one- or two- 
dimensional gel electrophoresis and transferred to either a 
nitrocellulose or PVDF membrane. The electroblot is quickly 
fixed before staining with Pro-Q Diamond phosphoprotein 
blot stain and then subsequently destained to maintain mini- 
mal background interference. The fluorescent blot can then 
be viewed with a variety of imaging instruments, preferably a 
laser- based gel scanner with appropriate lasers and filters. After 
the phosphoprotein imaging is complete, SYPRO Ruby protein 
stain may also be used for total protein detection. The combi- 
nation of the two fluorescent dyes allows the differentiation 
between a nonphosphorylated protein in high abundance that 
has some nonspecific staining and a less abundant highly phos- 
phorylated protein. This technique is able to detect phospho- 
proteins at levels as low as 8-16 ng, and also has a linear dynamic 
range of about 15 -fold. Also, since Pro-Q Diamond dye bonds 
noncovalently, it is compatible with matrix-assisted laser des- 
orption time -of- flight mass spectrometry (MALDI-TOF-MS) 
and Edman sequencing. As long as an adequate imaging device 
is available, this protein blot technique provides a quick, cheap, 
and reliable technique for the detection of phosphoproteins, 
while also allowing for the subsequent employment of other 
colorimetric, fluorogenic, and chemiluminescent techniques 
used in immunoblotting. 
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2. Materials 



2.1. SDS- 

Polyacrylamide Gel 
Electrophoresis 
(SDS-PAGE) 



2.2. Electroblotting 



2.3. Staining 

of Phosphoproteins 



2.4. Phosphopro- 
tein Detection and 
Analysis 



2.5. Total Protein 
Stain, Detection, and 
Analysis 



1. Peppermints tick phosphoprotein molecular weight standard 
(Molecular Probes, Eugene, OR, USA): For long-term stor- 
age keep at -20°C, for short-term storage keep at 2-6°C (see 
Notel). 

2. BenchMark prestained protein ladder (Gibco BRL, Gaithers- 
burg, MD, USA): Store at -20°C and avoid repetitive freez- 
ing ( see Note 2). 

1. Transfer buffer (lOx): 250 mM Tris, 1.92 M glycine. 

2. BioTrace NT Nitrocellulose transfer membrane (Pall, Pensa- 
cola, FL, USA): Avoid pure organic solvents (for PVDF, see 
Note 3). 

1. Fixing Solution: 7% (v/v) concentrated acetic acid, 10% (v/v) 
methanol. 

2. Pro-Q Diamond phosphoprotein blot stain kit (Molecular 
Probes, Eugene, OR): Blot stain reagent (Component A) 
(store at < -20°C, protect from light); blot stain buffer (Com- 
ponent B) (store at 2-2 5 °C), and keep above freezing. 

3. Pro-Q Diamond phosphoprotein gel destaining solution 
(Molecular Probes, Eugene, OR, USA). 



1. 



2. 



Molecular Imager PharosFX (Bio-Rad Laboratories, Hercules, 
CA, USA) (for other examples of imagers, see Note 4). 

Quantity One 1-D Analysis Software (Bio-Rad): The Analysis 
software was provided with the imaging instrument. 



1. SYPRO Ruby protein blot stain (Molecular Probes): Store at 
room temperature and protect from light. 



3. Methods 



This detection technique has a relatively uncomplicated proce- 
dure that provides an easy way to detect phosphoproteins on a 
blot membrane and also allows immunoblotting of the same blot. 
All equipment must be very clean and all solutions pure because 
the sensitivity of the method can pick up any contaminants. The 
procedure needs to be followed carefully especially with respect 
to staining and destaining times so that consistent blots are 
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3.1.SDS-PAGE 



3.2. Electroblotting 



produced, allowing better comparison between separate blots. 
Once the staining procedure is finished, the blots only need to be 
washed before either pursuing any colorimetric, chemilumines- 
cent, or fluorogenic immunoblotting techniques, MALDI-TOF- 
MS, or pursuing Edman sequencing. 

1. Sample and marker preparation: For each sample, mix 4 (LiL 
of SDS lysis buffer (5x) with 16 |LlL of sample solution, which 
should previously have been made to the desired concentra- 
tion using PBS. Adjust accordingly if repeating one sample in 
multiple wells. Prepare the Peppermints tick phosphoprotein 
marker by mixing 1 |LiL of the protein standard with 6 |LiL of 
SDS gel loading buffer, which must be diluted from its stock 
concentration to its standard concentration before addition. 
The BenchMark standard, once thawed, is gel ready. 

2. Heat the samples and the Peppermints tick phosphoprotein 
marker by placing them in a hot water bath at 95°C for 4 min 
(see Note 5). Do not heat the BenchMark standard. 

3. SDS-PAGE was carried according to Laemmli (10). The proteins 
were separated on 10% SDS-PAGE precast gels (10-well) (ISC 
Bioexpress, Kaysville, UT, USA). 

1. Protein transfer was carried out according to a standard proce- 
dure (6) (see Chapter "Detection of La/SS-B by western blot 
using nanogold-tagged antibodies and silver enhancement"). 



3.3. Staining 

of Phosphoproteins 



1. Wash the container for the membrane rigorously and rinse 
with 70% ethanol (see Note 6). 

2. Fixing: Immerse the membrane, with the protein-bound side 
facing down, in 25 mL (or more if required to comfortably 
submerge the membrane) of the fixing solution for 10 min 
(see Note 7). 

3. While fixing is taking place, make the phosphoprotein blot 
stain by adding 25 |LiL of the blot stain reagent to 25 mL of 
the blot stain buffer (see Note 8). 

4. Pour out the rest of the fixing solution and wash the mem- 
brane with at least 25 mL dH 2 four times for 5 min. 

5. Staining: Incubate the membrane in 25 mL of the prepared 
phosphoprotein blot stain for 15 min (see Note 9). 

6. Destaining: Pour out the stain and gently tap out most of 
what is remaining, and then wash the membrane with three 
changes of 30 mL destaining solution for 5 min each. Make 
sure to keep the time of destaining consistent between blots 
since it will directly affect the signal strength. 

7. Wash the membrane three times with 30 mL dH 2 for 5 min 
each, and let it air-dry completely before imaging (see Note 10). 
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3.4. Phosphopro- 
tein Detection and 
Analysis 



1 . Open the tray cover and pull out the loading tray of the imager. 
Clean the surface with 70-100% ethanol, followed by a water 
wash as well. 

2. Once the surface is clean and dry, place the blot on the tray 
making sure that the fluorescent signal is directed upward 
(see Note 11). 

3 . Take note of the coordinates on the tray that the blot covers 
(see Note 12), carefully push in the tray, and close the tray cover. 

4. Open the Quantity One window and either select the Pro-Q 
Diamond stain from the computer options or manually 
select the 532 nm excitation and the 555 nm longpass filter 
(see Note 13). 

5 . After entering the coordinates for the scanning area, choose 
a desired resolution from 50 to 800 mm and click Acquire 
(see Note 14). 

6. Use the Peppermints tick marker to adjust the settings so that 
the optimal gel image can be acquired. An example of results 
is shown in Fig. 1 . 

7. Quantity One will help with image export and any further 
analysis needed, including automatic band detection and 




B-casein 



Fig. 1. Image of Pro-Q Diamond (A) and SYPR0 Ruby (B) stained electroblots showing phosphoprotein and total protein 
detection, respectively. Lane 1, BenchMark protein standard. Lane 2, PeppermintStick phosphoprotein standard. Lanes 
3-4, an unphosphorylated phosphoprotein (La). Lanes 5-6, bovine serum albumin. Lanes 7-8, phosphorylated p-casein. 
Two hundred nanograms of each protein was used. 
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image stacking so that multiple blots can be aligned and 
compared. 



3.5. Total Protein 
Stain, Detection, and 
Analysis 



1. The blot must first be refixed for 10 min in a solution of 45% 
(v/v) methanol, 5% (v/v) concentrated acetic acid, using the 
same method as before. 

2. Wash the membrane three times with 30 mL dH 2 for 5 min 
each. 

3. After pouring out the water, immerse the membrane in 20 mL 
SYPRO Ruby protein blot stain. 

4. Pour the stain out or into a storage container for reuse, and 
then gently tap out as much else as possible. Again wash the 
membrane three times with 30 mL dH 2 for 5 min each (see 
Note 15). 

5. Dry and handle the blot as before. 

6. Image using the same methods as before, except selecting the 
SYPRO Ruby from the computer options or manually select- 
ing the 488 nm excitation and the 640 nm bandpass filter (see 
Note 16). An example of results is shown in Fig. 1. 

7. If the membrane is going to be used for immunoblotting, 
immerse it three times in 25 mL of PBS for 15 min. After the 
washing is finished begin the immunoblotting protocol as is 
standard. 



4. Notes 



These markers also serve as a positive and negative control. 
The standards include two phosphorylated and four nonphos- 
phorylated proteins that range from 14-116 kDa. 

Inclusion of this marker is unnecessary but convenient since it 
can be seen, aiding in positioning the gel and the subsequent 
blot as well as confirming the quality of the electrophoretic 
separation before proceeding with staining. Also, when meas- 
uring the proper amount of marker from the stock product, 
it is best to measure numerous aliquots once and freeze them 
for future use so that the thawing and freezing of the stock 
protein marker can be kept to a minimum. 

PVDF membranes can be used as well with only a few changes 
to the procedure: The PVDF membrane must be wetted using 
methanol before fixing. Instead of the destaining solution used 
for nitrocellulose membranes use 50 mM sodium acetate, pH 
4, 20% acetonitrile. Lastly, after the destaining step, it is not 
necessary to wash the PVDF membrane before air- drying. 
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4. The following imaging instruments are also commonly used: 
Fluorlmager and the Typhoon series of imagers by Amer- 
sham Biosciences, the FLA-3000G and FLA- 5 100 by Fuji 
Photo Film Co., and the ProXPRESS by PerkinElmer LifeS- 
ciences. Although laser- based or xenon arc lamp -based gel 
scanners are recommended for optimum sensitivity, UV 
epi- or transilluminators in conjunction with a charge-coupled 
device (CCD) camera can be used as well but with signifi- 
cantly diminished results. 

5 . Be careful not to let any water get into the samples. Keep the 
tops of the tubes above the water level. It may also be neces- 
sary to cover the top with parafilm. 

6. For a more rapid transfer, run at 100 V for 1 h. Since this 
produces more heat, surround the tank with ice to keep it 
from overheating. 

7. The best container to use is one slightly larger than the mem- 
brane with the walls at right angles to a smooth bottom, so 
that the membrane will not scrape on an angled wall during 
agitation. 

8. All fixing, washing, staining, and destaining incubation peri 
ods should use gentle agitation, such as 50-60 rpm on an 
orbital shaker, with the membrane immersed facedown in 
the solution. 

9. After this point, take care to minimize the exposure of the 
fluorophore to light since both time and exposure to light 
will decrease its optimal signal. Once the stain is added to the 
membrane, cover the container with aluminum foil for all 
subsequent steps, when not adding or decanting solutions. 

10. For a more economical approach, the Pro-Q Diamond 
phosphoprotein blot stain can be reused for up to four blots 
with only a slight drop in performance, as long as such blots 
are completed in a relatively close time to each other. The 
SYPRO Ruby protein blot stain can also be reused for the 
same number of times, but it will store as long as the origi- 
nal stock stain if it is protected from light and kept at room 
temperature. 

1 1 . When still wet, do not touch the face of the blot and try not 
to touch it with gloves; use tweezers instead. The air- drying is 
best done by hanging the membrane vertically by one corner 
so that it will not develop an uneven drying pattern. A binder 
clip is convenient for clasping the corner of the membrane 
for suspended air-drying. The drying process must be done 
away from light and for further storage it is best to keep 
between 2 and 6°C. 

12. Dry blots will often lie unevenly on the surface of the tray, so 
it is best to pin the sides of the blot down to make it as flat as 
possible. 
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13. It is best to place the blot on an edge of the tray to ensure 
proper alignment and minimize any movement of the blot 
during scanning. 

14. If the 555 nm longpass is not available, the 605 nm bandpass 
filter is also effective, but a significant decrease in sensitivity 
is shown with the 640 nm bandpass filter. If an additional 
filter is required, installation is quite straightforward. 

1 5 . The scanner must be placed on a firm surface so that it will not 
shake so vigorously. A freestanding table will probably shake 
too much causing the blot to move and distorting the image. 

16. During the final wash, the membrane may be monitored by 
a UV-B epi-illuminating light source to make sure that any 
residual background stain has been washed off. This stain is 
very stable, so this will not inhibit its fluorescence. For other 
imaging instruments, try to match the excitation maxima of 
450 nm and the emission maxima of 618 nm as closely as 
possible. For UV light, the excitation maxima of 280 nm 
may also be used. 
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Rapid, Antibody-Free Detection of Recombinant Proteins on 
Blots Using Enzyme Fragment Complementation 

Neil W. Charter, Joe Horecka, Chin-Yee Loh, Albert Doan, Tom Wehrman, 
and Keith R. Olson 



Summary 

Alternative, antibody-free techniques to western analysis of protein blots can offer reduced assay times 
for routine analysis of expression of recombinant proteins. We have adapted the commercially available 
enzyme fragment complementation technology to provide a rapid protein detection method for protein 
blots based on significantly reducing the number of incubation and washing steps used in traditional 
approaches, and eliminating the requirement for antibodies. In this article, we highlight the use of 
this assay for measuring recombinant protein expressed in mammalian cells for a range of applications, 
including dot blot screening of large numbers of different cell samples, assessment of protein integrity 
through detection of degradation bands, and characterization of post-translational protein modifications 
such as glycosylation. 

Key words: Protein blot, Recombinant protein, Enzyme fragment complementation, Chemilu- 
minescent detection 



1. Introduction 



Western blot analysis and enzyme-linked immunosorbant assay 
have provided valuable tools for characterization of protein expres- 
sion in recombinant systems (1). Both techniques rely on the use 
of antibodies specific for the protein of interest or to epitope tags 
(e.g., c-myc, HA) when the protein is expressed recombinantly 
and tagged (2, 3). Antibody- based systems offer good perform- 
ance and sensitivity; however, they require multiple incubation 
and wash steps that significantly extend the time required to perform 
the analyses. This is because the detection enzyme is directly 
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conjugated to a secondary antibody and all antibodies present will 
generate signal, not just the antibody bound to the antigen. 

Enzyme fragment complementation (EFC, also known as 
a- complementation) is a proprietary, high- sensitivity, enzyme- 
amplified detection approach that has been described previously 
and can be used routinely to detect expressed proteins in bacterial 
and mammalian cells, as well as for in vitro clinical and diagnostic 
applications (4-8). We have adapted this technology with increased 
overall productivity and efficiency for the detection of ProLabel™ 
and ProLink™- tagged recombinant proteins on protein blots, 
which is called EAstern™ detection (9). We will describe here a 
number of specific adaptations of this approach for detection of 
proteins labeled with our unique complementation peptide tags 
after they are bound to solid supports such as membrane blots. 

One of the key enabling features of EFC is the lack of require- 
ment for specific antibodies or multiple incubation and wash steps in 
the detection process, resulting in reduced assay time and minimal 
handling. This is possible because in our EFC-based approach we 
replace the antibody steps required in traditional approaches with 
detection based on (3-galactosidase complementation. This method 
uses a unique protein (EA, enzyme acceptor) that shows no cross- 
reactivity with other cellular proteins and binds exclusively to the 
ProLabel or ProLink peptides added to the expressed protein of 
interest. When these components come together on the support 
membrane it results in formation of P-galactosidase enzyme, and 
generation of chemiluminescence signal. We have developed a port- 
folio of cell lines expressing ProLabel- and ProLink- tagged proteins, 
and the EFC blot assay is routinely used for characterization of these 
cells. This provides valuable information of the level of gene expres- 
sion and posttranslational modifications, as well as information on 
protein integrity based on the extent of short degradation 
products. This has been particularly enabling for proteins such as 
orphan G-protein-coupled receptors (GPCRs) where it is not always 
possible to obtain a commercially available antibody. 



2. Materials 



2.1 . Cell Culture 
and Lysis 



Culture media: All culture media, additives, and reagents were 
obtained from Invitrogen, Carlsbad, CA, USA. The culture 
media were supplemented with 10% heat-inactivated fetal 
bovine serum (FBS), 1% penicillin/streptomycin/glutamate 
(from a combined lOOx reagent). 

Cell dissociation: Either a solution of 0.05% trypsin/ 1 mM 
ethylene diamine tetraacetic acid (EDTA) (Invitrogen) or 



Rapid, Antibody-Free Detection of Recombinant Proteins on Blots Using Enzyme 



397 



2.2. SDS-Polyacry- 
lamide Gel Electro- 
phoresis (SDS-PAGE) 



2.3. Protein Blotting 



2.4. Western Analysis 



enzyme-free cell dissociation buffer (Invitrogen), depending 
on the cell line and the expressed protein of interest. 

3 . Cell lines and cell pools: All cell lines (either as stable or transient 
pools or clonal cell lines) were generated by DiscoveRx Corpo- 
ration (Fremont, CA, USA) by expressing fusion proteins con- 
taining the gene of interest fused to a ProLabel (PL) or ProLink 
(PK) reporter peptide sequence and placing those cells under 
appropriate antibiotic selection. Nuclear factor of activated cells 
(NFAT)-PL, c-Jun-PL, and Cyclin-D-PL expression plasmids 
were generated in the ProLabel CI Expression Vector (Discov- 
eRx) using standard molecular biology techniques. These plas- 
mids were transfected into CHO-K1 cells using Lipofectamine 
transfection reagent (Invitrogen). An NFAT-PL clonal cell line 
was isolated by single -cell dilution cloning in the presence of 
800 |Lig/mL G418 (Invitrogen). All other cell lines and con- 
structs were generated by cloning into the pCMV- ProLink™ 
mammalian cloning vector (DiscoveRx). For further informa- 
tion on the vector systems please contact DiscoveRx directly. 

4. Cell Lysis: lx SDS dye loading buffer containing lx denatur- 
ing reagent (Invitrogen) or lx cell lysis buffer [phosphate buff- 
ered saline (PBS), 0.5% CHAPS, lx complete mini EDTA-free 
protease inhibitor cocktail (Roche, Nutley, NJ, USA)] or Glyko 
PNGase F Kit denaturing buffer (ProZyme, San Leandro, CA, 
USA). Protein concentration was determined using the bicin- 
choninic acid (BCA) protein assay (Pierce, Rockford, IL, USA). 

1. All buffers, markers, and precast gels were obtained from Inv- 
itrogen and used according to the manufacturer's instructions. 
They consisted of the following: 

(a) 4-12% NuPAGE Bis-Tris gel. 

(b) 20x MES running buffer. 

(c) 4x NuPAGE PDS sample buffer. 

(d) lOx NuPAGE reducing agent. 

(e) NuPAGE antioxidant. 

1. All buffers and materials for protein blotting were obtained 
from Invitrogen and used according to the manufacturer's 
directions. They consisted of the following: 

(a) Precut nitrocellulose membrane with filter pads. 

(b) NuPAGE transfer buffer. 

(c) NuPAGE antioxidant. 

(d) Methanol. 

1. Blocking buffer: SuperBlock (Pierce) containing 0.05% 
Tween-20. 
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2.5. EFC Blot Detection 



2. Antibodies: Mouse anti-NFAT monoclonal antibody ( Cell Sig- 
naling Technologies, Danvers, MA, USA) and goat anti-mouse 
IgG-horse radish peroxidase (HRP) conjugate (Pierce). 

3. Washing buffer: PBS, 0.05% Tween-20 (PBST). 

4. Chemiluminescence detection reagent: Super Signal West 
Dura substrate (Pierce). 

5. Digital imaging system: UVP Epi Chem II Station. 

1. Detection reagents consist of EA reagent, CL chemilumines- 
cent substrate (lyophilate and reconstitution buffer), and posi- 
tive control peptide. These are commercially available in kit 
form (EAstern™ blot assay). X-ray film (Kodak BioMax AR) 
can be used to capture image. 

2.6. PNGase Treatment l. The Glyko PNGase F kit (ProZyme) was used for enzymatic 

removal of N-linked glycans from glycoproteins. The kit con- 
tains the following: 

(a) Glyko PNGase F Kit denaturing buffer. 

(b) PNGase F (2 units/mL). 



3. Methods 



3. 1. Preparation 

of Samples for Protein 

Blots 



Preparation of protein blots for detecting ProLabel- or ProLink- 
tagged recombinant proteins is identical to that for western blots. 
Thus, it is easy to perform both assays in parallel on duplicate 
blots or even consecutively on the same blot after a brief washing 
step. Unless noted otherwise, all manipulations are performed at 
room temperature (RT). 

1. Cells are cultured in media and passaged when approaching 
confluence. Clonal cell lines are maintained in media contain- 
ing 800 |Lig/mL G418. Antibiotic selection is not necessary 
for transiently transfected cell pools. 

2. Cells for analysis can be harvested directly after dissocia- 
tion during routine passaging or seeded into 6 -well plates 
or 35 -mm- diameter dishes. If cells are used directly from 
passaging, we recommend that they be released from the 
plate with trypsin-free cell dissociation buffer to eliminate 
the potential for proteolytic damage to the protein of inter- 
est. Cells are pelleted, washed in PBS, and then lysed in 
either lx sample loading buffer, cell lysis buffer, or Glyko 
PNGase F denaturing buffer. Cells plated into separate 
plates or dishes can be washed with PBS and lysed with lx 
sample loading buffer or cell lysis buffer. As a guideline, 1 
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3.2. Sds-page 



3.3. Protein Blotting 



3.4. Western Analysis 



mL of lysis reagent can be used to lyse 4-10 million cells. 
The amount of sample loaded in each SDS-PAGE gel lane will 
vary with the level of fusion protein expression and should be 
determined empirically. Transiently transfected cells typically 
express higher levels of tagged- fusion proteins than stably 
transfected cells (see Note 1). Lysates can be aliquoted and 
stored at -20°C for long-term storage. Alternatively, cells can 
be resuspended with Glyko PNGase F denaturing buffer at a 
concentration of 10 million cells/mL. 

3. When determining total protein concentration using the BCA 
protein assay, cells should be lysed in cell lysis buffer to mini- 
mize interference with the BCA assay. Follow the manufac- 
turer's instructions and use BSA standards as a reference for 
quantification. 

4. For samples prepared in cell lysis buffer, 5 |LiL 4x LDS load- 
ing buffer and 2 \iL lOx denaturing reagent are added to 
14-|LiL sample. The mixture is heated to 70°C for 10 min 
prior to loading onto SDS-PAGE gels. Samples in sam- 
ple loading buffer or Glyko PNGase F denaturing buffer 
only require heating at 70-9 5 °C for 10 min before loading 
onto gels. 

1. Precast 4-20% SDS-PAGE gels are prepared and installed into 
running chambers according to the manufacturer's instruc- 
tions. A 2-(A r -morpholino)ethanesulfonic acid (MES) run- 
ning buffer system is typically used because it provides good 
separation of proteins within the 5-200-kDa range. 

2. 5-20-|LiL sample is loaded into each well. Prestained molecu- 
lar weight markers are loaded in adjacent wells. 

3. Gels are run according to the manufacturer's instructions, 
typically at 200 V for 45 min or until the leading loading dye 
front has reached the bottom of the gel. 

1. Samples that have been separated by SDS-PAGE are trans- 
ferred to nitrocellulose electrophoretically using the NOVEX 
transfer system. The gel is prepared according to the manufac- 
turer's instructions and the separated proteins are transferred 
at 35 Vforlh. 

2. After transfer, the protein blot can be stored in PBS in a sealed 
dish for at least 24 h at 4°C if needed. 

The following protocol is used for detection of NFAT-PL fusion 
protein from stably transfected Chinese hamster ovary (CHO)-Kl 
cells (10, 11). 

1. Rinse the blot with water for 2 min. 

2. Incubate for 1 h with 10 -mL SuperBlock containing 0.05% 
Tween-20 to block nonspecific sites. 
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3. Incubate for 1 h with mouse anti-NFAT monoclonal anti- 
body diluted 1:1,000 in 5-mL blocking buffer. 

4. Wash extensively (six washes, 10-min each) in PBST. 

5 . Incubate the blot for 1 h with a goat anti-mouse IgG-HRP 
conjugate diluted 1:1,000 in 5-mL blocking buffer. 

6. Wash extensively (six washes, 10-min each) in PBST. 

7. Add 5 mL of Super Signal West Dura substrate to the blot 
and incubate for 5 min. 

8. Drain excess liquid from the blot and then place it between 
two sheets of clear plastic. 

9. Detect the chemiluminescent signal using a digital imaging 
system or by exposure to X-ray film. Exposure times will 
vary. Typically 1-30 -min exposures are performed. 

10. A comparison of western and EFC blots is shown in Fig. 2. 



* 









kDa 




Fig. 1 . EFC blot detection of PL-tagged fusion proteins in cell lysates. Samples representing 4-jng NFAT-PL, 0.5-jig 
c-Jun-PL, 0.35-jig cyclin D-PL, or 0.5-jig CH0-KI lysates were separated by SDS-PAGE and then transferred to a 
nitrocellulose membrane. Purified GST-PL control protein was run in an adjacent lane. The presence of ProLabel-tagged 
protein was detected by incubation with EA reagent followed by CL chemiluminescent substrate. The signal resulting 
from the complementation of EA with membrane-bound PL was detected using a digital imaging system. Shown is an 
inverted image acquired with a 5-min exposure, which produced sufficient signal to detect NFAT-PL in a cell lysate 
sample equivalent to 4-jig total protein. Major bands with apparent molecular weights of 85, 45, 42, and 38 kDa were 
detected for NFAT-PL, c-Jun-PL, cyclin D-PL, and GST-PL, respectively, consistent with the expected masses of the 
mature proteins fused to ProLabel. Minor bands were also detected, which represent proteolytic cleavage products 
of full-length proteins, and were pronounced in lysates from transiently transfected cells, where high expression was 
expected. Therefore, this technique is extremely useful in rapidly determining the integrity of recombinant proteins. 
There is likely no particular limitation in the size of fusion proteins detected by EFC blot, since we have detected a wide 
range of fusion proteins using the technique (reproduced from (9) with permission from Informa Healthcare: http://www. 
biotechniques.com/default.asp?page=contact). 
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3.5. EFC Blot Analysis 



1. Prepare detection reagents prior to running the assay (see 
Note 2). 

2. A 10 cm x 10 cm square dish is ideal for the incubation steps. 

3. Rinse the blot with water for 2 min. 

4. Decant water and add 5 -mL EA reagent. Cover the dish with 
a foil and incubate the blot for 1 h with gentle rocking to 
ensure even coverage. 

5. Decant EA reagent and add 2.5 mL of CL substrate. Cover 
the dish with the foil to protect it from light and incubate for 
15 min with gentle rocking to ensure even coverage. 

6. Drain excess liquid from the blot and place it between two 
sheets of clear plastic. 

7. Detect the chemiluminescent signal as described earlier for 
western analysis. Exposure times will vary. We typically perform 
1, 5, 10, and 30 -min exposures to obtain optimal results. 

8. Examples of tagged proteins detected by EFC blot are 
shown in Fig. 1. A comparison of western and EFC blots is 
shown in Fig. 2. 



NFAT-PL lysate 
iftg total protein loaded) 
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Fig. 2. Comparison of EFC and western blot detection sensitivities. An NFAT-PL cell lysate was serially diluted in lysis buffer, 
separated by SDS-PAGE, and transferred to a single nitrocellulose membrane. The blot, containing duplicate samples sets, 
was divided into two and probed separately for PL and NFAT using EFC or western methods, respectively. The resulting 
signals were detected using a digital imaging system. Using identical exposure times to capture chemiluminescent signal, 
both EFC and western blot techniques were able to detect NFAT-PL in lysate containing 0.25-jig total protein. For the 
anti-NFAT antibody, pilot titration experiments were required to determine the concentration required to provide sensitivity 
equivalent to that obtained by EFC blot. While sensitivity was comparable, a higher background was associated with the 
western blot compared with the EFC blot. This was likely due to nonspecific interactions of the primary antibody at the high 
concentrations used. Similar results were seen in side-by-side EFC and western blot comparisons with a number of other 
PL-tagged fusion proteins and a variety of monoclonal and polyclonal antibodies (data not shown). This experiment also 
demonstrates that EFC blotting is entirely exchangeable with the current protocols for western blotting, since both meth- 
ods use the same gel electrophoresis and blotting steps (reproduced from (9) with permission from Informa Healthcare). 
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3.6. Repeat Use of 
Blots for Additional 
Analysis 



3.7. Use of EFC in Dot 
Blot Format 



1. Protein blots used for EFC detection can be reused for west- 
ern analysis without apparent loss in sensitivity. 

2. Rinse the blots in PBST for 15 min. The blots can be stored 
overnight at 4°C for subsequent analysis the following day. 

The following protocol describes the steps involved in con- 
ducting an EFC dot blot. In this example, cells were lysed 
with the Glyko ProZyme Kit denaturing buffer at 10 million 
cells/mL. For convenience, SDS-PAGE sample buffer can be 
substituted. 

1. Spot 10-|LiL cell lysate samples onto a clean, dry nitrocel- 
lulose membrane. Place an equivalent volume of positive 
and negative control lysates next to the samples. Space the 
spots 2 -cm apart so that signals from adjoining spots do 
not overlap. Allow the spots to dry before proceeding to 
next step. 

2. Rinse the nitrocellulose membrane once with 5-mL PBS buffer. 

3. Add 5-mL EA reagent to the membrane, cover with foil, and 
rock gently to ensure even coverage. Incubate for 1 h at RT 
or overnight at 4°C. The data shown in Fig. 3 were prepared 
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Fig. 3. EFC dot blot analysis of multiple cell lysate samples. G-protein-coupled receptors (GPCRs) are involved 
in a wide range of physiological processes and diseases and represent important pharmaceutical targets. 
Because "orphan" GPCRs, those without known ligands, represent a significant percentage of all GPCRs, we 
cloned orphan GPCRs and expressed them in mammalian cells fused to a C-terminal PK tag. EFC dot blot 
analysis allowed us to rapidly determine the relative levels of the protein expression of these orphan recep- 
tors. Lysates from a number of cell lines expressing variety of PK-tagged orphan GPCRs were spotted onto 
nitrocellulose and probed using the EFC blot assay. A number of cell lines were identified that express strong 
EFC signal (e.g., GPCRs 151, 152, 162, 173, 176). Two parental, negative control cell lines, HEKA2 ECO and 
CHO A2 ECO, do not express PK and produced no discernable signal. In contrast, the positive control CHO 
B2AR cell line expressing PK-tagged ADR2B receptor produced a strong signal. Since the EFC dot blot proce- 
dure does not require SDS-PAGE and blotting steps, results can be obtained in less than 2 h, enabling rapid 
confirmation of fusion protein expression for such activities as clonal selection and receptor comparison. 
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3.8. Deglycosylation 
Treatment to 
Examine Posttransla- 
tional Modification 



using EA reagent at high concentration. However, similar 
results are obtained using the EA reagent provided in the 
EAstern Blot Assay kit. 

4. Remove the membrane from the EA reagent and rinse once 
with PBS. 

5 . Add 3 mL of CL substrate to the membrane and then incu- 
bate, protected from light, for 30 min with gentle rocking. 

6. Drain excess liquid from the blot and place it between two 
sheets of clear plastic. 

7. Detect the chemiluminescent signal as described earlier for 
western analysis. Exposure times will vary. Typically 1, 2, 4, 6, 
and 12 -min exposures are performed. 

8. An example of the use of EFC dot blots for examining orphan 
GPCR expression is shown in Fig. 3. 

The following protocol describes the steps involved in using 
PNGase F to treat cell lysates. PNGase F is used for the enzymatic 
removal of N- linked glycans from glycoprotein to leave the core 
protein intact. This is a useful approach to elucidate the type and 
level of glycosylation. Similarly, a variety of enzymes are available 
with a range of specificities that can be applied to different degly- 
cosylation strategies. 

1. Lyse cells at a concentration of 10 million cells/mL with 
Glyko PNGase F Kit denaturing buffer, the optimal buffer for 
PNGase F. Heat samples for 95°C for 10 min. 

2. Prepare a reaction master mix: 

(a) 4-|LiL reaction buffer. 

(b) 9-|LiL deionized water. 

(c) 2-|LiLNP-40. 

(d) 2-yiL PNGase F (2 units/jiL) 

3. Dilute the lysate from earlier step 1 in water to 2,000 
cells/|LiL. 

4. Add 15 |LiL of the master mix to 5 |LiL of the diluted lysate. 

5. Incubate the reaction at 37°C for 1 h. 

6. Following incubation, a sample of the reaction can be used for 
EFC blot or EFC dot blot analysis (see earlier). 

7. An example of the use of deglycosylation enzymes in conjunc- 
tion with the EFC blot is shown in Fig. 4. 
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Fig. 4. Examination of glycosylate status using EFC blot. Many GPCRs are N-glycosylated, which complicates their 
analysis using protein blots because glycosylate results in a population of glycoprotein bands with a broad range of 
apparent molecular weights. GPCR 1 51 , a class A orphan receptor, was tagged with ProLink and expressed in HEK cells. 
In EFC blots the PK-tagged glycoprotein migrates as a broad range of bands with weak overall signal. The amidase 
PNGase F, also known as /V-glycosidase F, was used to cleave the oligosaccharides from the glycosylated GPCR. Cell 
lysates were preincubated with PNGase F or control buffer before EFC blot analysis. As a result of PNGase F treatment, 
the ProLink-tagged protein migrated as a single band of 47 kDa, which is consistent with the expected molecular weight 
of the full-length GPCR tagged with ProLink. We have used this EFC blot technique to validate the correct expression of 
a number of orphan GPCRs for which there is currently little functional data. This type of EFC blot analysis can easily be 
extended to saccharide sequencing strategies to further understanding the complexity of glycoprotein composition. 



4. Notes 



1. The substrate used for EFC blots is very sensitive. Therefore, 
it is important to optimize the amount of sample loaded per 
lane to prevent high levels of signal that might obscure adja- 
cent lanes. As a starting point, load 1-10 |Lig of total protein 
from cells stably expressing ProLabel- or ProLink-tagged 
proteins. For cells transiently expressing tagged proteins, use 
approximately one -tenth this amount. 

2. The EFC detection reagents and protocols used for this assay 
are commercialized as the EAstern™ Blot Assay Kit (Discov- 
eRx). EA is provided as a ready-to-use reagent and should be 
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thawed in a RT water bath prior to use. The CL chemilumi- 
nescent substrate is provided as two components. Thaw the 
reconstitution buffer in a RT water bath and pour contents 
into the substrate bottle. Invert several times to mix and store 
at RT for 5 min. Any unused reagents should be aliquoted and 
stored at -20°C for long-term use. The reconstituted reagents 
retain activity for at least 1 month if kept frozen. 
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Chapter 41 



Fluorescent Labeling of Proteins and Its Application 
to SDS-PAGE and Western Blotting 

F. Javier Alba, Salvador Bartolome, Antonio Bermudez, 
and Joan-Ramon Daban 



Summary 

This chapter describes very simple fluorescent methods developed in our laboratory allowing the rapid 
monitoring of total protein patterns on both sodium dodecyl sulfate (SDS) polyacrylamide gels and 
western blots. The noncovalent dye Nile red (9-diethylamino-5ffbenzo[a]phenoxazine-5-one) is used 
for the sensitive staining of proteins in SDS gels. This method is compatible with the electroblotting of 
protein bands and with the staining of the resulting blot with the covalent dye MDPF (2-methoxy-2,4- 
diphenyl-3(2H)-furanone). These staining procedures are applied sequentially; there is no need to run a 
duplicate unstained gel for protein blotting. Furthermore, since only the adduct formed by the reaction 
of MDPF with proteins is fluorescent, there is no need to destain the membrane after protein labeling. In 
addition, MDPF staining is compatible with further immunodetection of specific bands with polyclonal 
antibodies. Finally, using the adequate conditions described later, MDPF staining does not preclude the 
N- terminal sequence analysis of proteins in selected bands. 

Key words: Fluorescent protein detection, Immunodetection, MDPF, Nile red, N-terminal 
sequencing, SDS-PAGE, Western blotting 



1. Introduction 



The typical procedures for the detection of protein bands after 
SDS-PAGE using the visible dye Coomassie Blue and silver stain- 
ing have several time-consuming steps and require the fixation 
of proteins in the gel (1). Here, we describe a very simple and 
sensitive method developed in our laboratory (2-4) for the rapid 
staining of unfixed proteins in SDS gels. The method is based 
on the fluorescent properties of the hydrophobic dye Nile red. 
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This dye is nearly insoluble in water, but is soluble and shows a 
high increase in the fluorescence intensity in nonpolar solvents 
and in the presence of lipid droplets (5), SDS micelles, and SDS- 
protein complexes (6, 7). The enhancement of Nile red fluores- 
cence observed with different SDS-protein complexes occurs at 
SDS concentration lower than the critical micelle concentra- 
tion of this detergent in the typical Tris- glycine buffer used in 
SDS-PAGE. Thus, for Nile red staining of SDS-polyacrylamide 
gels, electrophoresis is performed in the presence of 0.05% SDS 
instead of the typical SDS concentration (0.1%) used in current 
SDS-PAGE protocols. This concentration of SDS is high enough 
to maintain the stability of the SDS-protein complexes in the 
bands but is lower than SDS critical micelle concentration and 
consequently precludes the formation of pure detergent micelles 
in the gel. The staining of these modified gels with Nile red pro- 
duces very high fluorescence intensity in the SDS-protein bands 
and low background fluorescence. Nile red staining is completed 
in about 5 min. 

On the other hand, we have shown previously that, in con- 
trast to the current staining methods, Nile red staining does not 
preclude the direct electroblotting of protein bands (8) and does 
not interfere with the staining of total protein patterns on poly- 
vinylidene difluoride (PVDF) membranes using the fluorogenic 
dye MDPF (9, 10). This staining method is based on the obser- 
vation that this dye and its hydrolysis product are nonfluores- 
cent; only the adduct formed after the reaction with proteins is 
fluorescent (11). This makes unnecessary the destaining of the 
PVDF membrane after protein labeling (9). The whole proc- 
ess of staining with MDPF is completed in about 20 min. Wet 
membranes are translucent, allowing the detection with a high 
sensitivity of MDPF -labeled protein bands by transillumination 
with UV light. In addition, MDPF staining allows further immu- 
nodetection and N- terminal sequence analysis of specific bands. 
A review about the physicochemical basis of Nile red and MDPF 
staining procedures has been published elsewhere (12). A flow 
diagram showing the sequential staining of SDS gels and western 
blots is presented in Fig. 1 . 



2. Materials 



All solutions should be prepared using electrophoresis -grade rea- 
gents and deionized water and stored at room temperature (excep- 
tions are indicated). Wear gloves to handle all reagents and solutions. 
Collect and dispose all waste according to good laboratory practice 
and waste disposal regulations. 
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SDS-POLYACRYLAMIDE GEL 



Electrophoresis 



Nile red staining in water for 5 min 
and rinse for 10 s 



UV or green-light 
transillumination 



Imaging 
Detection limit ~5 ng/band 



Electroblotting 



PVDF MEMBRANE 



MDPF staining in borate buffer (20 min) 
and rinse for 10 s 



UV transillumination 
of the wet membrane 



Imaging 
Detection limit -10 ng/band 



IMMUNODETECTION 



SEQUENCING 



Fig. 1 . Scheme summarizing the sequential fluorescent staining of the SDS gel with Nile red and the corresponding west- 
ern blot with MDPF (reproduced from ( 12) with permission). The time required in each step and the observed sensitivities 
are indicated. Technical details about green-light transillumination can be found in (13). 



2. 1. Electrophoresis 



1. Nile red: Concentrated stock (0.4 mg/mL) in dimethyl sul- 
foxide (DMSO; see Note 1). This solution is stable for at least 
3 months when stored at room temperature in a glass bottle 
wrapped in aluminum foil to prevent damage by light. Nile 
red can be obtained from Sigma Chemical Co. (St. Louis, 
MO, USA). 

2. The 30% (w/v) acrylamide-0.8% (w/v) fc-acrylamide stock 
solution and the resolving (1.5 M Tris-HCl, pH 8.8) and 
stacking (0.5 M Tris-HCl, pH 6.8) gel stock buffers are prepared 



410 Albaetal. 

following standard procedures. Store the acrylamide-fe-acrylamide 
stock solution at 4°C. 

3. 2x Sample buffer: 4% (w/v) SDS, 20% (v/v) glycerol, 10% (v/v) 
2-mercaptoethanol, 0.125 M Tris-HCl, pH 6.8; bromophenol 
blue (0.05% [w/v]) can be added as a tracking dye. 

4. lOx Electrophoresis buffer: 0. 5% (w/v) SDS, 0.25 M Tris, 1.92 
M glycine, pH 8.3 (do not adjust the pH of this solution). 

5. Opaque polypropylene container (~12 cm x 7.5 cm x 7 cm for 
gels of about 8 cm x 6 cm x 0.075 cm) with a close-fitting lid to 
allow intense agitation without spilling the staining solution. 

6. Orbital shaker for the agitation of the plastic boxes during gel 
staining. 

7. Transilluminator equipped with midrange ultraviolet (UV) 
bulbs (~300 nm; ^Note 2) to excite Nile red (2, 3). For imag- 
ing, the gel can be transilluminated inside the dark cabinet of a 
documentation system provided with a charge -coupled device 
(CCD) camera (e.g., Gel Doc 1000 from Bio-Rad Laboratories 
[Hercules, CA, USA]). To avoid the safety problems associated 
with UV light, we have constructed a transilluminator working 
in the visible region (~540 nm; green-light) that can also be 
used for the excitation of Nile red- stained bands (13). 

8. Optical filters: We have used the Wratten (Kodak [Rochester, 
NY, USA]) filters number 9 (yellow) and 16 (orange) to elim- 
inate the UV and visible light from the transilluminator (see 
Note 3). Place the two filters together in the filter holder of 
the camera (filter 16 should be facing toward the camera lens). 
We have used also the filter 590DF100 (Bio-Rad). Wratten fil- 
ter number 26 (red) is required when the bands are visualized 
with the green -light transilluminator. 

2.2. Western Blot 1. MDPF: Concentrated stock (35 mM) in DMSO (see Note 1). 

This solution is stable for 1 week at room temperature in a 
glass bottle wrapped in aluminum foil. MDPF can be obtained 
from Fluka (Bunch, Switzerland). 

2. PVDF membranes (Bio-Rad). 

3. Transfer buffer: 25 mM Tris, 192 mM glycine, pH 8.3. 

4. Borate buffer: 10 mM sodium borate, pH 9.5. 

5. Transfer apparatus (e.g., Mini-Trans-Blot Cell [Bio-Rad]). 

6. Opaque plastic box for membrane equilibration and staining. 

7. Orbital shaker. 

8. UV transilluminator (~300 nm; see Note 2) to excite MDPF- 
labeled protein on blots (9). 

9. Photography: We have used the CCD camera of the Gel Doc 1000 
system (Bio-Rad) with the Wratten (Kodak) filters numbers 
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3 (yellow) and 47 (blue) (see Note 3). Place filter 47, facing 
toward the camera lens, on top of filter 3. 

10. Immunodetection: ECL detection kit, including horseradish 
peroxidase-labeled secondary antibodies (Amersham-GE 
Healthcare [Buckinghamshire, UK]). 

11. Phosphate buffered saline containing Tween-20: 80 mM 
Na 2 HP0 4 , 20 mM NaH 2 P0 4 , 100 mM NaCl, pH 7.4, and 
0.1% (v/v) Tween-20. 



3. Methods 



3. 1. Nile Red Staining of 

SDS-Polyacrylamide 

Gels 



Unless otherwise indicated, all operations are performed at room 
temperature. 

1. Typically we prepare 15% acrylamide-0.4% fc-acrylamide 
separating gel containing 0.05% SDS (see Note 4), 0.375 M 
Tris-HCl, pH 8.8. The stacking gel contains 6% acrylamide- 
0.16% fe-acrylamide, 0.05% SDS (see Note 4), 0.125 M 
Tris-HCl, pH 6.8. 

2. Dissolve proteins in the appropriate volume of deionized 
water, add 1 volume of the 2x sample buffer (see Note 5), 
and incubate the resulting samples in a boiling-water bath 
for 3 min. The samples are kept at room temperature before 
loading them into the gel (see Note 6). 

3. Place the gel sandwiched between the glass plates in the elec- 
trophoresis apparatus, fill the electrode reservoirs with lx 
electrophoresis buffer (see Note 4), and rinse the wells of the 
gel with this buffer. 

4. Load the protein samples, carry out electrophoresis, and at 
the end of the run remove the gel sandwich from the elec- 
trophoresis apparatus and place it on a flat surface. 

5. Wearing gloves, remove the upper glass plate (use a spatula) 
and excise the stacking gel and the bottom part of the sepa- 
rating gel (see Note 7). 

6. Add quickly 0.25 mL of the concentrated Nile red (0.4 mg/ 
mL) staining solution in DMSO to 50 mL of deionized water 
previously placed in a plastic box (see Note 8). 

7. Immediately after the addition of concentrated solution of 
Nile red to water, agitate the resulting solution vigorously 
for 3 s (see Note 8). 

8. Immerse the gel very quickly in the staining solution, put 
the lid on, and agitate vigorously using an orbital shaker (at 
about 150 rpm) for 5 min (see Note 8). 
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9. Discard the staining solution (see Note 1) and rinse the gel 
with deionized water (four times; about 10 s) to remove 
completely the excess Nile red precipitated during the staining 
of the gel (see Note 9). 

10. Wearing gloves, remove the gel from the plastic box and place 
it on the UV or green-light transilluminator. Turn off the 
room lights, turn on the transilluminator, and examine the 
protein bands, which fluoresce light red (see Note 10). Turn 
off the transilluminator immediately after the visualization of 
the bands (see Note 11). 

11. Focus the CCD camera, place the optical filters (see Sub- 
heading 2.1, item 8) in front of the camera lens and, in the 
dark, turn on the transilluminator and photograph the gel 
(.$•££ Note 11). Finally, turn off the transilluminator. 

3.2. MDPF Staining of Handle the PVDF membranes by their edges using stainless steel 
Western Blots forceps . 

1. After electrophoresis and Nile red staining, equilibrate the 
gel in 100 mL of transfer buffer for 15 min. 

2. Immerse sequentially the PVDF membrane in 20 mL of 
methanol for 5 s, in 100 mL of water for 2-3 min, and finally 
in 100 mL of transfer buffer for 10 min. 

3. Assemble the gel and the membrane in the blotting appara- 
tus and fill the tank with transfer buffer. Perform electrob- 
lotting at 100 V for 1 h. 

4. Following transfer, equilibrate the blot twice (for 5 min each 
time) in 100 mL of borate buffer. Use an orbital shaker at 
about 75 rpm. 

5. Incubate the blots for 10 min in a staining solution (pre- 
pared just before use) containing 40 mL of borate buffer 
and 0.2 mL of the concentrated stock (35 mM) of MDPF 
in DMSO (see Note 12); use an orbital shaker (~75 rpm). 
The plastic box containing the blot should be covered with 
aluminum foil during staining. The staining conditions com- 
patible with N-terminal sequencing of selected bands are 
indicated in Note 13. 

6. After staining (see Note 1), rinse the blot briefly (for about 
10 s) with borate buffer. 

7. Place the wet membrane (see Note 14) on the UV transil- 
luminator. Focus the CCD camera, place the optical filters 
indicated in Subheading 2.2, item 9 (see Note 15) in front 
of the camera lens and, in the dark, turn on the transillumi- 
nator and photograph the blot (see Note 16). Finally, turn 
off the transilluminator. 

8. After photography, if specific bands have to be immunode- 
tected (see Note 17), equilibrate the stained blot for 15 min 
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in phosphate buffered saline containing 0.1% Tween-20, and 
then perform the ECL immunodetection according to the 
manufacturer's instructions. 

9. Use a UV transilluminator to visualize the fluorescent bands and 
mark with a soft pencil the stained protein bands (see Note 13) 
to be sequenced (see Note 18). Cut out of the membrane the 
selected bands and apply them to the sequencer. 



4. Notes 



1. Handle this solution with care; DMSO is flammable and, in 
addition, this solvent may facilitate the passage of potentially 
hazardous chemicals such Nile red and MDPF through the 
skin. Used staining solutions must be collected and disposed 
of in accordance with waste disposal regulations. 

2. UV light is dangerous to skin and particularly to eyes. UV- 
blocking goggles and a full face shield, and protective gloves 
and clothing, should be worn when the stained gel or blot is 
examined by naked eye using an UV transilluminator. 

3 . Store the filters in the dark and protect them from heat, intense 
light sources, and humidity. 

4. To reduce the background fluorescence after the staining with 
Nile red it is necessary to preclude the formation of pure SDS 
micelles in the gel (see Subheading 1). Therefore, use 0.05% 
SDS to prepare both the separating and stacking gels and the 
electrophoresis buffer. This concentration is lower than the 
critical micelle concentration of this detergent (~0.1%, ref. (5), but 
is high enough to allow the formation of the normal SDS- 
protein complexes that are specifically stained by Nile red (2, 
12). 

5 . Use 2% SDS in the sample buffer to be sure that all protein sam- 
ples are completely saturated with SDS. Lower concentrations 
of SDS in the sample buffer can produce only a partial satura- 
tion of proteins (in particular in highly concentrated samples), 
and consequently the electrophoretic bands could have anoma- 
lous electrophoretic mobilities. The excess SDS (uncomplexed 
by proteins) present in the sample buffer migrates faster than 
the proteins and forms a broad band at the bottom of the gel 
(see Note 7 and ref. 2). 

6. Storage of protein samples prepared as indicated in Subhead- 
ing 3.1, step 2 at 4°C (or at lower temperatures) causes the 
precipitation of the SDS present in the solution. These samples 
should be incubated in a boiling-water bath to redissolve SDS 
before using them for electrophoresis. 
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7. The bottom part of the gel (i.e., from few millimeters above the 
bromophenol blue band to the end) should be excised before 
the staining of the gel. Otherwise, after the addition of Nile red, 
the lower part of the gel produces a broad band with intense 
fluorescence. This band is presumably caused by the association 
of Nile red with the excess SDS used in the sample buffer 
(see Note 5). In the case of long runs, bromophenol blue and 
the excess SDS band diffuse into the buffer of the lower 
reservoir and it is not necessary to excise the gel bottom. 

8. Nile red is very stable when dissolved in DMSO (see Sub- 
heading 2.1, item 1), but this dye precipitates in aqueous 
solutions. Since the precipitation of Nile red in water is a 
rapid process and this dye is only active for the staining of 
SDS-protein bands before it is completely precipitated (2, 3), 
to obtain satisfactory results, it is necessary (a) to perform all 
the agitations indicated in these steps (in order to favor as 
much as possible the dispersion of the dye) and (b) to work 
very rapidly in the steps 6-9 of Subheading 3.1. Further- 
more, to obtain a homogeneous staining the gel has to be 
completely covered with the staining solution. 

9 . After the water rinsing indicated in step 9 of Subheading 3.1, 

the staining process is completely finished and the gel can be 
imaged immediately. It is not necessary, however, to examine 
and photograph the gel just after staining. Nile red- stained 
bands are stable and the gel can be kept in the plastic box 
immersed in water for 1-2 h before imaging. 

10. About 100 ng of protein per band can be seen by naked eye 
(when using the green-light transilluminator it is necessary 
to place a Wratten filter number 26 in front of the eyes to 
visualize the bands). Faint bands that are not visible by direct 
observation of the transilluminated gel can be clearly seen in 
the CCD image. Long integration times with a CCD camera 
allow the detection of 5 ng of protein per band (using both 
UV and green-light transilluminators). To obtain this high 
sensitivity it is necessary to have sharp bands; broad bands 
considerably reduce the sensitivity. 

11. Nile red is sensitive to intense UV irradiation (6), but has 
a photochemical stability high enough to allow gel staining 
without being necessary to introduce complex precautions in 
the protocol (see Subheading 3.1, steps 6-9). For long-term 
storage, solutions containing this dye are kept in the dark 
(see Subheading 2.1, item 1). Transillumination of the gel for 
more than a few minutes produces a significant loss of fluores- 
cence intensity. Thus, transillumination time must be reduced 
as much as possible both during visualization and photography. 
However, the relative short exposure times (4-12 s) required 
for the CCD documentation system allow taking several 
photographs with different exposure times if necessary. 
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12. The reaction of MDPF with different proteins in solutions 
containing 10 mM sodium borate, pH 9.5, is completed in 
less than 10 min (14). 

13. When the protein bands have to be used for sequencing 
(see Note 18), use a lower concentration of MDPF (0.1 mL 
of the concentrated solution of MDPF in 100 mL of borate 
buffer) and reduce the incubation time to 2 min. The sen- 
sitivity obtained under these conditions is lower than that 
obtained using the normal staining conditions (see Note 
16), but it is high enough to detect bands containing pro- 
tein amounts suitable for automatic sequencing by Edman 
degradation. 

14. Membranes must be wet during visualization and imaging. 
Wet membranes are highly translucent, but dry membranes 
are opaque and reduce dramatically the sensitivity (9) . 

15. Wratten filters numbers 3 and 47 allow the visualization of 
the blue fluorescence emission from MDPF -labeled bands. 
In addition, these filters eliminate the light coming from the 
transilluminator and the background fluorescence produced 
by Nile red adsorbed on the surface of the PVDF membrane 
during the electrotransfer. 

16. Electrophoretic bands containing 5-10 ng of protein can 
be seen in the images obtained with the CCD system. How- 
ever, considering that the yield of protein transfer from the 
gel to the membrane is relatively low, the actual sensitivity 
is presumably higher. In fact, we have observed that when 
proteins are transferred directly to the membrane using 
a slot- blotting device, 0.5 ng of protein per slot can be 
detected (9). 

17. Our results (9) have shown that the covalent modification of 
blotted proteins produced by the reaction with MDPF does 
not alter the antigenic properties that allow the binding of 
polyclonal antibodies. 

18. Our results (9) have shown that the staining conditions indi- 
cated in Note 13 do not preclude further sequencing reac- 
tions with a high yield. Since MDPF reacts with primary 
amino groups of proteins (11) , probably including N-terminal 
groups, these results indicate that under these staining con- 
ditions the reaction with MDPF is not complete. 
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Whole and Strip Nitrocellulose Membrane 

as well as New Line Immunoblotting of Antigen 

Using the Chemiluminescence Technique 

Yaser Dorri, AM W. Khalili, and R. Hal Scofield 



Summary 

There are a number of techniques in the scientific world that researchers use to detect specific antigens. 
One such technique that has provided many advantages over typical immunochemical staining is chemi- 
luminescence. The emission of visible radiation by compounds once exposed to sunlight has been known 
for centuries and currently is the main principle for chemiluminescence. Here, we introduce three dif- 
ferent chemiluminescence techniques that are widely used in immunodetection of antigens: (a) whole 
membrane chemiluminescence detection, (b) strip membrane chemiluminescence detection, and (c) new 
line blotting chemiluminescence. 

Key words: Strip blotting chemiluminescence, ECL chemiluminescence, Dot-blotting, Line 
blotting, Chemiluminescence, Immunodetection of proteins, Whole membrane blotting chemilu- 
minescence 



1. Introduction 



The term "luminescence" was first introduced by Wiedemann 
in 1888 (1) as he classified luminescence phenomena based on 
their excitations to six different stimuli: (a) photoluminescence, 
caused by absorption of light; (b) electroluminescence, produced 
in gases by electric discharges; (c) thermoluminescence, produced 
by slight heating; (d) triboluminescence, caused by friction; (e) 
cristalloluminescence, caused by crystallization; and (f) chemilu- 
minescence (CL), caused by a chemical reaction (1). The basic 
mechanism of CL can be described in two reactions (see Fig. 1). 
One such reaction requires a direct interaction of two reagents, 
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Fig. 1. Demonstrating the immunodetection mechanism of antigens using chemilumi- 
nescence in the ECL system [adapted from (2)]. 



a substrate and an oxidant, with the addition of some cofactors, 
and in some instances, a catalyst, which reduces the activation 
energy (£ ) and provides an adequate environment for efficient 
CL. The addition of cofactors is sometimes needed to convert 
one or more of the substrates into a form capable of reacting 
and interacting with the catalyst or to provide an efficient leaving 
group if bond cleavage is required to produce the excited emit- 
ter (1). Typically, a portion of the product formed will be in an 
electronically excited state, and when relaxed to its ground state 
will emit energy in the form of photons. The substrate is the CL 
precursor, which when converted into the electronically excited 
molecule, is responsible for light emission or acting as the energy 
transfer donor in indirect CL (1). 

CL has been used over a wide range of scientific fields, is one of 
the most highly adaptable and efficient methods of antigen detec- 
tion, and has provided many advantages over typical immunochemi- 
cal staining. One such CL technique is based on the conversion of a 
substrate into a luminescent product by peroxidase-antibody conju- 
gates. This specific technique is highly useful owing to the fact that 
the resulting emitted light of infected cell foci can be easily recorded 
by video imaging or autoradiography giving a hard copy for docu- 
mentation, something that has not been possible in the past (3). CL 
also provides higher detection sensitivity due to the inherent mag- 
nification effect of luminescence resulting in an increase in intensity 
and a reduction in incubation time along with the required amount 
of antibody needed for antigen detection (3). This method has been 
specifically used for a focus reduction assay for the serotyping of 
hantavirus-specific neutralizing antibodies in infected persons and 
also the determination of activity of antiviral agents against hantavi- 
rus (3). Because of their inherent stability, CL substances have also 
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been used as labels, eliminating the need of inconvenient radiolabels. 
By using CL substances, researchers are able to use simple oxidation 
reactions, which produce light with high quantum yield in a matter 
of seconds (4). Several homogeneous assays for biotin and proges- 
terone as well as heterogeneous assays for thyroxine and testosterone 
take advantage of this technique (4). In addition, this method has 
aided in the development of a model double antibody, solid phase 
immunoassay (4). The use of CL has also helped in the development 
of an immune microanalysis system. The use of peroxyoxalate CL, 
which takes advantage of the strong CL emitted through the energy 
transfer from peroxide intermediate that is generated by the reac- 
tion between oxalate reagent and hydrogen peroxide (H 2 ), was 
paramount in developing the microanalysis system (5). The system is 
capable of determining, with high selectivity and sensitivity, human 
serum albumin (HSA) or immunosuppressive acidic protein (LAP) 
as a cancer marker in human serum (5). 

There are many methods used to detect antigens using CL. 
Here, three forms of CL immunodetection of antigens are intro- 
duced: (a) whole membrane, (b) strip membrane, and (c) new line 
blotting. In whole membrane blotting, only one primary and sec- 
ondary antibody is used to detect antigens, and therefore there is no 
need for dividing the membrane. In strip membrane blotting, each 
membrane is divided into different strips for the use of different anti- 
bodies. In the new line blotting, protein samples are directly applied 
to a membrane and immunodetection is followed using CL. 



2. Materials 



After running the first dimensional SDS polyacrylamide gel and/or 
two-dimensional IEF gel, the proteins in the gel need to be trans- 
ferred to a nitrocellulose membrane. The following materials are 
needed for a nonelectrophoretic transfer prior to CL detection. 



2.1. Immunoblotting 
and Nonelectrophoretic 
Transfer Component 



1. Nitrocellulose membranes (Gelman Sciences, Fisher Scientific, 
Dallas, TX, USA). 

2. Mini PROTEAN® 3 System Glass plates (Catalog number 
1653311) (Bio-Rad Laboratories, Hercules, CA, USA). 

3. Western blot transfer buffer: 0.025 M Tris, 0.192 M glycine, 
20% methanol (see Note 1). 

4. Tris buffered saline (TBS, lOx): 1.5 M NaCl, 0.1 M Tris-HCl, 
pH 7.4. 

5. TBS containing 0.05% Tween-20 (TBST). 

6. Blocking solution: 5% milk in TBS (see Note 2). Store at 4°C. 
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2.2. Antigens, 
Conjugate, and 
Chemiluminescence 
Components 



7. Diluent solution: 5% milk in TBST (see Note 2). Store at 4°C. 

8 . Wypall X-60 reinforced paper (Kimberly-Clark, Neenah, WI, 

USA). 

9. Medium binder clips (1H in.). 

10. Plastic container. 

11. 1.7 mL PGC tube (Catalog number 505-111) (PGC Scien- 
tific, Frederick, MD, USA). 

1. Ro autoantigen (Immunovision, Springdale, AK, USA). 

2. Systemic lupus erythematosus (SLE) serum samples were 
obtained from Clinical Immunology Laboratory at Oklahoma 
Medical Research Foundation (Oklahoma City, OK, USA). 

3. ECL Plus western blotting conjugate (GE Healthcare Bio- 
science Corp, Piscataway, NJ, USA). 

4. Kodak Biomax Film (8 in. x 11 in.) ( Sigma -Aldrich, Inc., St. 
Louis, MO, USA). 

5. Seieneewnre® autoradiography pens (Cardinal health, Dublin, 

OH, USA). 

6. Clear plastic wrap, purchased from local store. 



3. Methods 



3.1. Nonelectrophoretic 
Transfer 



Nonelectrophoretic transfer is a very useful and easy technique that 
allows proteins to be transferred from the gel to more than one mem- 
brane through diffusion. Using this technique, there will be proteins 
left on the gel, and therefore, after staining the gel with Coomassie 
Brilliant Blue (CBB), protein spots detected through CL antigen 
immunodetection can be tracked on the gel and excised for protein 
identification. After running the first dimensional SDS-PAGE gel, 
once the last band of standard protein marker and/or indicator dye 
reaches the bottom of the gel, it is time to turn off the power sup- 
ply and start the next step, transferring the proteins to a membrane. 
This step can also be done after running a second dimensional IEF 
gel as well. Here, a nonelectrophoretic transfer is introduced. 

1 . After turning off the power supply, gel plates need to be sepa- 
rated carefully using forceps or a similar tool (see Note 3). 
Remove the top plate first. 

2. Rinse the gel using deionized water to remove any remaining 
SDS-PAGE running buffer on the gel. 

3. Cut several nitrocellulose membranes to the size of the SDS- 
PAGE gel and gently set a membrane on top of the gel, 
while the gel is still supported by the bottom (glass/plastic) 
plate (see Note 4). 
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4. Place a precut Whatman No. 3 filter paper on top of the nitro- 
cellulose membrane. Remember, do this step while the gel is still 
supported by the bottom (glass/plastic) plate ( see Note 5). 

5. Gently place the third piece, PROTEAN® 3 System alumina 
or glass plates on the filter paper. Again, this step needs to be 
done while the other side of the gel is still supported by the 
bottom (glass/plastic) plate. 

6. Gently place one hand on the bottom glass plate (in step 5) 
and flip the gel upside down into the free hand. Gently separate 
the other glass/plastic plate from the gel {see Note 6). 

7. Repeat steps 3 and 4 for this side of the gel. 

8. Using a 5 or 10 mm pipette, gently roll over the filter paper 
to remove any possible air bubbles in between the gel and 
membrane. This needs to be done very gently as the gel can 
be broken. 

9. Repeat step 5. 

10. Secure the two PROTEAN R 3 System glass plates with 
clamps {see Note 7). 

11. Place the assembly in a humidified plastic container and 
incubate overnight at 37°C {see Note 8). 

12. Remove the membranes for immunoblotting and label each 
membrane as "top" or "bottom" membranes (y^Note 9). 

13. Stain the gel with CBB for 1 h or overnight and then destain. 



3.2. Whole Membrane 

Blotting 

Chemiluminescence 



For whole membrane blotting CL detection, only one primary 
antibody is used and therefore this technique allows the use of 
whole membrane without dividing it into strips. To do so, a con- 
tainer similar in the size of the membranes being used needs to 
be prepared to house them. 

1 . Block the membranes using the western blotting solution for 
2 h at room temperature (RT) on a shaker {see Note 10). 

2. Drain the blocking solution out. 

3. Add the appropriate amount of primary antibody to the 
membrane any where from 1:2,000 dilution to 1:20,000, 
diluted in western diluent solution. Incubate for 2 h. 

4. Wash 3x with TBST, 5 min each time. After washing, block 
the membranes with western blotting solution for 5 min at 
RT. Then drain the blocking solution out. 

5 . Add the appropriate amount of HRP conjugate solution to 
the membrane (usually 1:10,000 dilution, diluted in dilu- 
ent) and incubate for 1 h {see Note 11). 

6. Wash 3x with TBST, 5 min each time. While waiting for 
the last washing, lie a 16 in. x 22 in. clear plastic wrap on a 
working bench (membranes will be laid on this plastic wrap 
after washing). Also, prepare a 5-10 mL glass test tube and 
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wrap it with aluminum foil. Take 2 mL of solution A and 
add it into the glass tube. Do not add solution B until the 
membrane is ready (see Note 12). 

7. Drain the TBST solution out and lie the membranes on 
the clear plastic wrap, facing up (see Note 13). Turn off the 
lights in the working area, as the ECL conjugate solution is 
light sensitive. Quickly add 50 juL of solution B to the glass 
tube, already containing 2 mL of solution A (see Note 14). 
Mix the solution. Using a PI 000 pipette, draw the conju- 
gate solution from the glass tube and eject it slowly, all over 
the membrane. Make sure that the conjugate solution covers 
the surface of the membranes for 5 min (see Note 15). 

8 . Soak up the solution by placing several paper towels on the 
corner of the clear plastic wrap (see Note 16). 

9. Cover the membrane with a single layer of clean clear plastic 
wrap so that the signals can be detected. Make sure that 
there are no bubbles between the membrane and plastic 
wrap. Formation of the bubbles can be avoided by wrapping 
the membrane slowly from one corner to the other. 

10. Place the wrapped membranes in a Kodak X-ray film cassette 
or film holder. Attach the wrapped membrane to the film 
holder using a tape or other tools (see Fig. 2). 

1 1 . Right above and below where the membranes are placed on 
the film cassette, stick a piece of white laboratory labeling 
tape (about 1 in. long). Using Scienceware® autoradiogra- 
phy pen, write a letter on the top and bottom tape ("L" or 
"M," for example) (see Fig. 2). This letter may help later if 
the X-ray film is upside down and/or is rotated; therefore, 
choose a unique letter and do not use letters such as "X" 
that are indistinguishable when rotated. Use a pen and draw 
a line around the letter so that it can be seen better later on 
for data analysis (see Fig. 3). 

12. This step needs to be done in a dark room. Place an X-ray 
film over the membranes (see Fig. 3), top and bottom tapes. 
Lock the film and make sure it does not move. Close the 
film holder. Using a timer, take a 10 s reading first. After 
the 10 s period is over, open the film holder and develop the 
X-ray film. Take more readings as needed. Depending on 
the signals and results, different readings may be required, 
anywhere from 4 s to 10 or 15 min (see Note 17). 

13. Once protein signals are detected, it is time to analyze and 
identify the signals to see what bands they represent. To do 
so, carefully wrap the destained gel with a clear plastic wrap 
and slowly place it over the membrane (see Note 18). The 
gel should fully overlap the membrane. This can be done 
by moving the gel back and forth until the stained standard 
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Fig. 2. In this figure, up to four membranes 7 cm x 1 cm can be placed side by side for a one-time reading, using a 20.3 
cm x 25.4 cm X-ray Kodak film. After wrapping the membranes with clear plastic wrap, stick all sides of the membrane 
to the X-ray film holder as shown earlier and write two letters above and below the membrane on a piece of transparent 
tape, using a Scienceward® autoradiography pen. 



& 



L 




<\ 




Fig. 3. By holding only half of the X-ray film over the membrane, after exposing the membrane with ECL conjugate, simply 
rotate the X-ray film to use the other half of the X-ray film. This can be done when one or two small membranes are being 
studied or a large X-ray film is being used. In some cases, four corners of the X-ray film can be used one at a time. 
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marker on CBB gel is fully overlapped with that on the 
membrane (see Note 19). Then, tape the wrapped gel to the 
film holder to prevent it from moving. 

14. Place one of the best- developed X-ray films over the wrapped 
gel. Try to match the "L" signals on the film with marked 
"L" letters on the top and bottom of the membrane. Once the 
film is completely matched with the two marked letters, tape 
the top of the film to the film holder to prevent shifting. 

15. By directly comparing specific spots on the film to CBB stained 
protein spots on the gel, the specific proteins of interest can 
be identified. Each identified protein spot can be excised from 
the gel, using a blade or x-tracta agarose gel extraction tool 
and placed in 1.7-mL PGC tube (see Note 20). 

16. Each protein sample was subjected to in- gel tryptic digestion 
followed by MALDTTOFMS for protein identification. 

3.3. Strip One of the great advantages of strip blotting CL is that unlike 

Immunoblotting whole membrane blotting, which allows the use of only one primary 

Chemiluminescence antibody, one can use a number of antibodies and check for differ- 

ent antigen responses. This can be done by dividing a membrane 
into ten or as many strips as one desires and applying different 
antibodies to each strip or a group of strips. 

1 . Run desired antigens (Ro antigen, in this case) by SDS-PAGE 
gel. 

2. Transfer the proteins to nitrocellulose membrane (see Sub- 
heading 3.1). 

3. To see whether the proteins are transferred to the membrane 
or not and also visualize the protein bands, stain the membrane 
with fast green (fast green was 0.1%). Once protein bands are 
observed, cover the membrane with clear plastic wrap, take a 
photocopy of the membrane, and wash the membrane with 
TBST until completely destained. 

4. Clean a rectangular piece of glass with 70% ethanol. Place 
the membrane over the glass. Using a blade, first cut the 
blue stained protein marker that is transferred to the mem- 
brane, vertically, and cover it with clear plastic wrap and keep 
for data analysis steps. 

5 . Divide each lane of the transferred membrane, vertically, into 
three to four strips and also make an angle cut to the bottom 
of each strip (facing to the left) (Fig. 4), to help identify those 
membrane strips that may have accidentally flipped over 
during washing (see Note 21). 

6. Label all the strips and place them in an eight-lane strip incu- 
bation reservoir. From now on, make sure that when the 
membrane strips are placed into the incubation reservoir or 
when they are being washed, the strips are not facing down. 
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A 



Cut the bottom of 
each membrane strip 
as dotted here. 




B 




X 




Fig. 4. (a) Using a blade, cut the dotted area for all the strips, to make sure which membrane has flipped over and which 
has not. Make sure that the cut is facing toward left and the transferred membranes are facing up. (b) After placing each 
strip side by side, carefully tape the top portion of the membranes. The bottom of the membranes can also be taped if 
needed. Label the top and bottom of the membranes with a letter using a Sciencewaref® autoradiography pen. 



This can be checked by looking at the cuts that were made 
at the bottom of the strips. 

7. Add 1 mL of blocking solution to each lane and incubate the 
plate for 2 h on a shaker. 

8 . Drain the blocking solution out. 

9. Make appropriate dilutions of all primary antibodies anywhere 
from 1:1,000 to 1:20,000 (here, anti-Ro human serum dilution 
was made to 1:1,000 and anti-HNE anti-rabbit antibody was 
made to 1:20,000) using western diluent. Add 1 mL to each 
well (see Note 11). 

10. Wash 3x with TBST, 5 min each time. When washing, fill all 
the wells equally with TBST. Make sure that the strips do 
not rotate. 

1 1 . Add 1 mL of blocking solution to each well and incubate for 
5 min. Then drain the solution out and follow steps 5 and 6 
of Subheading 3.2 (for step 5, add 1 mL of HRP conjugate 
solution to each well). 

12. Drain the TBST solution out of the wells at the end of the 
third wash. Using forceps, carefully move each strip one by 
one, in order, from each lane and lie them on the clear plas- 
tic wrap side by side, vertically (see Note 22). Only move the 
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membrane strips with forceps either from the tip of the strip 
or from the bottom, where the angled cut was made, and 
not from the middle. Once all the strips are transferred to 
the clear plastic wrap, and laid side -by- side, tape the top por- 
tion of them (horizontally) to the clear plastic wrap, using 
transparent tape. The bottom of the strips can also be taped 
to the clear plastic wrap if needed. Make sure that the tape 
does not cover more than 2 mm of the membrane strip's top 
or bottom portion (see Note 23). 

13. Turn off the lights in the work area, as the ECL conjugate 
solution is light sensitive. Quickly add 50 juL of solution B 
to the glass tube already containing 2 mL of solution A (see 
Note 14). Mix the solution. Using a P1000 pipette, draw 
the conjugate solution from the glass tube and eject it slowly 
onto the membranes. Make sure that the conjugate solution 
covers the membrane for 5 min (see Note 15). 

14. Follow steps 8-12 of Subheading 3.2. 

15. Place the wrapped standard marker that was kept aside, in 
step 4, to the left of membrane strips, using a clear paper 
tape. This will help to show the molecular weight of each of 
the detected protein bands. 

16. Follow step 14 of Subheading 3.2. 

17. By directly corresponding specific spots on the X-ray film to 
the strip membranes, the specific proteins of interest can be 
tracked for molecular weight identification using the standard 
marker strip. Each identified protein spot can be cut from 
the membrane strip, using a blade and can be placed in a 
1.7 mLPGC tube. 

18. Each protein sample was subjected to on-membrane tryptic 
digestion followed by MALDTTOFMS for protein identifi- 
cation. 



Orientation mark 




Ro 60 Control 

Fig. 5. Antigen coated on the membrane on the left is Ro antigen. Anti-human Ro antibody was used as the primary 
antibody and anti-rabbit HRP conjugate was used as a secondary antibody. The sample on the right is a control. 
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3 A. New Line Blotting Line blotting CL is one of the easiest techniques available for 
Chemiluminescence immunodetection of antigens. This method is applicable to only 

purified proteins. This technique is very easy because proteins do 
not have to be run through a gel or be transferred to a membrane 
as protein samples can be applied directly onto a nitrocellulose 
membrane. Primary and secondary antibodies can then be added 
serially and proteins of interest are detected through the CL tech- 
nique (see tig. 5). 

1 . Cut the sufficient number of nitrocellulose membranes needed 
to the size of 1 cm x 2 cm (see Note 24). 

2. Using a pencil, label the right bottom corner of each membrane 
by a number or letter according to the sample number that is 
going to be used for that membrane. 

3. Using a P2 pipette, load 1 juL of protein sample into the pipette 
tip and while holding the small membrane on a clean surface, 
slowly expel the protein sample onto the membrane from the left 
to the right of the membrane, forming a centimeter long line. 

4. Let the membrane dry for 10 min or as needed. Once the protein 
line is dry, the line formed on the membrane is easily observed. 

5. Place each membrane in a small Petri dish. The smaller the 
dish, less solution it needs, however, the Petri dish should be 
large enough to cover the membrane with blocking and dilu- 
ent solutions in the following steps. 

6. Add enough western blocking solution onto the membrane to 
cover it. Make sure that the membrane is covered with the blocking 
solution at all times and does not float. If the membrane floats on 
top, flip the membrane so that it is facing down and therefore is 
coated with solution at all times. Incubate for 2 h. 

7. Follow steps 2-12 of Subheading 3.2. 



4. Notes 



To avoid precipitation, first dilute 100 mL of lOx native buffer 
to 700 mL with deionized water and then add 200 mL of 
methanol. Avoid adding methanol directly to the lOx native 
buffer, since methanol precipitates buffer ingredients. Even in 
such a scenario the precipitate can be redissolved by the addi- 
tion of 700 mL water, but takes more time. 

Add 100 mL of lOx TBS to a 1 L graduated cylinder and make 
it to 800 mL with deionized water. Weigh out 50 g of skim 
milk powder and add into the cylinder. Mix and stir until dis- 
solved. Once the solution is dissolved, make to 1 L with deion- 
ized water. Separate 500 mL as the western blot blocking 
solution. To the remaining 500 mL, add 250 juL of Tween-20 
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(use a 1 mL syringe, or cut end of a 1 mL pipette tip to 
aspirate Tween-20 easily), dissolve, and use it as western blot 
diluent solution. 

3. In the old SE 250 vertical electrophoresis units there is a 
glass plate and an alumina back plate but today many gels are 
premade and both gel plates are plastic. These two plates 
need to be separated carefully using a spatula, a small forceps, 
or a similar tool. It is very easy to break the gel at this point; 
therefore, unlocking all sides of the plates is advised. 

4. Although it has been reported to place the membrane on the 
gel when the gel is completely dry this can create bubbles. 
Bubbles can be avoided by placing the nitrocellulose mem- 
brane on the gel right after rinsing the gel with water. This 
not only prevents bubbles but also creates very good con- 
tact between the gel and the membrane. As a result this has 
shown to be helpful for better transfer. Also, do not move the 
gel from the bottom glass/plastic support instead place on 
the nitrocellulose membrane while the gel is on the bottom 
plate support. This prevents the gel from moving or break- 
ing. Another important suggestion is that the membrane can 
be slowly laid down onto the gel starting on either side and 
while holding the opposite side in your free hand, slowly low- 
ering it onto the gel, as opposed to simply laying the mem- 
brane onto the gel all at once. By doing this, the junction of 
the gel and membrane can be observed for bubbles. 

5 . Cut the filter paper a little bigger than the membrane ( 1-2 mm 
bigger on all sides), so that it will protect the membrane. 

6. To separate the gel from the last glass plate, a spatula or for- 
ceps is needed to unseal the bottom of the gel from the glass 
plate. This makes it easier for this separation to happen. 

7. Use the same number of clamps for all the gels as the condi- 
tion for all the gels must be the same. Do not use too many 
clamps either as it may damage the gel. For PROTEAN R 3 
System, we use two large clamps. 

8 . Different incubation times are available but we use overnight 
incubation. To humidify a container, place several moist Terri 
Wipes paper towels (Kimberly-Clark, Neenah, WI, USA) at 
the bottom of a large plastic container. There should not be 
any running water in the container. After placing the assembly 
in the container, place the lid and seal it with clear plastic wrap 
or Parafilm. 

9. After removing the container from the incubator and before 
opening the lid, it is important to remember that the bottom 
and top membranes need to be labeled, as it is believed that 
more proteins transferred to the bottom membrane due to grav- 
ity. Therefore, bottom membranes must be compared together 
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in studies. Rotating the assembly at this point can confuse this 
labeling. Even though the container is humid, gels get dry and 
it is normal to have membranes stuck to the gels. Since none- 
lectrophoretic transfer is mostly used to compare the blots with 
the stained gels (unlike the complete electrophoretic transfer in 
which the gel is not used anymore), the gel and membrane need 
to be separated carefully to preserve the gel. This can be done 
by removing the assembly from the container and removing the 
clamps. Remove the two PROTEAN R 3 System glass plates that 
are on both sides of the assembly first by handing the assembly 
to the left hand and then to the right. Then keep the assem- 
bly on a clean bench and gently remove the membrane with 
gloves starting from one corner of the gel. With the opposite 
hand keep the assembly from moving. In case the membrane 
is stuck to the membrane, have a forceps handy. Sometimes the 
top wells of the gel (where the samples are loaded into the wells) 
stick to the membrane. In such cases, one can rinse off the top 
portion of the membrane with deionized water but avoid wash- 
ing the whole membrane. Now that the gel is on the top and 
the top membrane is taken off, the gel can be placed in a sepa- 
rate container for staining. This helps for a better separation of 
gel and second membrane. To do this, simply keep the gel fac- 
ing up (with the filter paper facing down) in hand and gently lay 
down the gel into a large container (large enough for staining 
the gel-filter paper facing up and the gel facing down). Remove 
the filter paper from the top. Remove the membrane slowly as 
described earlier starting from one corner. Label this membrane 
as "bottom" or "top" membrane. 

10. Every set of two membranes can be placed in the same 
container together. This can be done by placing the two 
membranes back-to- back (one membrane faces down and 
one up). Put them in the container and add the solution. 
This can be done for washing as well as the conjugate step. 
Another way of saving solution is to place the membranes 
into a plastic bag and add the solutions into the bag. After 
carefully removing the bubbles, the bag can be placed on a 
shaker, which can also save considerable antibody compared 
with the use of a container. 

11. If the antibody was made from rabbit, then the conjugate 
must be an anti-rabbit conjugate or if a patient serum with 
antibodies was used as primary antibody (for example anti- 
Ro) then the conjugate must be an anti-human conjugate. 
Also, do not drain blocking solution out of wells until primary 
antibody is ready to be added to the membranes. Remem- 
ber, membrane strips should be kept wet at all times. 

12. At this point, it is good to make sure that the X-ray film 
developing machine is in working readiness as sometimes it 
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takes about 20 min for some machines to warm up and in 
such cases, the experiment will give very weak signals due to 
the waste of time. Therefore, this point is the best time to 
check this equipment and make sure it is working. It is also 
important to be close to the machine as any delay can lead 
to very weak signals. 

13. To know the orientation of the membrane, look for the blue- 
stained protein markers. Blue stained protein markers are 
noticeable even after the transfer, and the side that has the 
blue stain should face up and it has the transferred proteins. 

14. For every 2 mL of solution A (ECL Plus western blotting 
conjugate), 50 juL of solution B is needed. 

15. For the solutions to cover the membranes for 5 min, either 
there should be a large amount of solution or the following 
should be done. For two membranes, set the membranes 
side by side. Eject equal amounts of conjugate to each mem- 
brane. Then by slowly picking up the top clear plastic wrap 
from all sides of the membrane and creating slope, try to 
guide the solution toward all sides of the membrane during 
that 5 min. If there are four membranes, set the membranes 
in the shape of a square on the clear plastic wrap and follow 
the aforementioned procedure. Another way is to recover 
the conjugate solution once ejected on the membranes using 
a PI 000 pipette and to redistribute it over the membranes 
but be careful not to make a hole in the clear plastic wrap 
and not to touch the membrane. 

16. Once the conjugate is soaked up with paper towels, the rest 
of the steps need to be done quickly but carefully. The mem- 
branes should not become dry at any time; therefore, steps 
8-11 need to be done in less than 5 min, which is more 
than enough time. Also, if too much time is wasted, weaker 
signals may be given. 

17. For one or two membranes, it is possible to use only one 
X-ray film for two readings by placing the top part of the 
X-ray film on the two membranes and not allowing the bot- 
tom part to be exposed to the membranes, saving them for 
another reading. Once done with one reading, rotate the film 
and using the unexposed end, make another reading (need to 
hold with hands). If there is only one membrane, only one 
corner of the X-ray film can be exposed at a time and four 
readings can be done with only one X-ray film (see Fig. 3). 

18. It is usually hard to hold the gel and very easy to break it. 
Therefore, to wrap the gel, add about 100-150 mL of 
destaining solution or more to the gel, if the gel was originally 
in destaining solution. Add the same amount of deionized 
water if the gel was originally in deionized water. There must 
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be enough solution in the container to make the gel float in 
the solution. Wearing gloves, gently move ringers under the 
gel, going from the corners of the gel (using both hands) and 
once the four fingers are holding the gel from the bottom, 
hold the gel with the thumb from the top, very gently Slowly 
remove the gel and lay it over a clear plastic wrap that has been 
laid over the bench and cover the gel quickly preventing it 
from becoming dry 

19. It is always hard to overlap the CBB stained gel to the mem- 
brane, but there are always little things that can assure that 
this gets done. One is a protein standard marker. Protein 
standard marker (molecular weight standards) is blue stained 
and can be seen on the membrane as well as a CBB stained 
gel. Therefore, by carefully looking at specific bands in the 
gel and comparing them on the membrane, the gel and the 
membrane can be matched and placed over one another. 
Another sign to look for is the shape of the wells on the mem- 
branes. When membranes are placed over the gel, usually the 
shape of the well is imprinted over the membrane and can be 
easily observed. It is easy to track each well and by compar- 
ing each well from the CBB stained gel and placing it exactly 
on the membrane, it is simple to match the membrane and 
the gel together. One thing that should be remembered is 
that after staining and destaining the gel, the gel has more 
water in it and the size of the gel is a little bigger. Therefore, 
it may not be fully comparable to the membrane and do not 
expect the gel to fully overlap the membrane. However, it 
is still very easy to identify and excise the protein from the 
X-ray film. 

20. It is always good to label each protein spot separately in 
a lab book along with the estimated molecular weight of 
that spot, before excising it. It is also possible to dry the 
gel before cutting the protein spots as it may give distinct 
protein spots, however, it is easier to cut the gel when it is 
not dry. 

21. When cutting the membrane with a blade, always keep the 
membrane wet with deionized water. This will give nice and 
sharp membrane strip cuts. As soon as each membrane strip 
is cut, place it in an eight-lane strip incubation reservoir and 
label it accordingly to avoid possible mixing of the strips. 

22. When transferring the membrane strips to the clear plastic 
wrap, always keep the membrane strips wet at all time to 
avoid them rotating, moving, or mixing. 

23. Once all of the membrane strips are transferred to the clear 
plastic wrap, place a Kimwipe at the top of the membrane 
strips and let it soak up the water. Then tape the top portion 
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of membranes with a transparent tape to avoid their move- 
ment. 

24. Instead of cutting small membranes, it is more convenient 
to apply all the antigen samples to one rectangular mem- 
brane with 2-3 cm distance to one another and add blocking 
and diluent solution to just over one membrane in one con- 
tainer. This can be done only when there is one primary and 
secondary antibody. However, multiple membranes must be 
cut if more than one primary and/or secondary antibodies 
are going to be used for an experiment. 
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Chapter 43 



Protein Stains to Detect Antigen on Membranes 

Anil D'souza and R. Hal Scofield 



Summary 

Western blotting (protein blotting/electroblotting) is the gold standard in the analysis of complex protein 
mixtures. Electroblotting drives protein molecules from a polyacrylamide (or less commonly, of an agarose) 
gel to the surface of a binding membrane, thereby facilitating an increased availability of the sites with 
affinity for both general and specific protein reagents. The analysis of these complex protein mixtures is 
achieved by the detection of specific protein bands on a membrane, which in turn is made possible by the 
visualization of protein bands either by chemical staining or by reaction with an antibody of a conjugated 
ligand. Chemical methods employ staining with organic dyes, metal chelates, autoradiography, fluores- 
cent dyes, complexing with silver, or prelabeling with fluorophores. All of these methods have differing 
sensitivities and quantitative determinations vary significantly. This review will describe the various protein 
staining methods applied to membranes after electrophoresis. "Detection" precedes and is a prerequisite 
to obtaining qualitative and quantitative data on the proteins in a sample, as much as to comparing the 
protein composition of different samples. Detection is often synonymous to staining, i.e., the reversible or 
irreversible binding by the proteins of a colored organic or inorganic chemical. 

Key words: Blotting, Protein staining, Electrophoresis, Western 



1. Introduction 



The selection of the appropriate protein detection method is 
most important for detection of proteins and for quantitative 
assessment of expression levels of these proteins in biological 
samples. A number of very different techniques exist. The follow- 
ing criteria need to be evaluated in the decision making process: 
(a) The detection limit should be as low as possible with a high 
signal to noise ratio, (b) the detection method should also have 
a wide linear relationship between the quantity of protein and 
the staining intensity, (c) the procedure should be easy and fast 
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1. 1. Staining Blots 
with Ponceau S 



1.2. Staining Blots 
with India Ink 



1.3. Staining Blots 
with Amido Black 



1.4. Staining 
Membrane-Bound 
Proteins with Colloidal 
Gold 



to perform, (d) the procedure should be nontoxic, environment- 
friendly, and most importantly (e) the procedure should not be 
too expensive. 

PonceauS(3-hydroxy-4-[2-sulfo-4-(sulfo-phenylazo)phenylazo]- 
2,7-naphtalene disulfonic acid) is a relatively insensitive stain 
wherein greater than 1 jug or more of protein can be detected 
(1). Accordingly, only the most abundant proteins will be visible. 
However, it is also a reversible stain that can be removed com- 
pletely with water prior to processing the blots. After staining, a 
regular pencil can be used to record the presence of visible pro- 
teins and molecular- weight markers, which will help when align- 
ing the proteins detected on the membrane by western analysis 
with those in a total protein-stained gel or membrane. Ponceau 
S is compatible with both nitrocellulose and PVDF membranes. 
This is a quick and easy way to visualize proteins transferred to 
membranes following SDS PAGE but it is about half as sensitive 
as Coomassie Blue staining (see Notes 1-3). 

India ink is an alternative staining protocol to the Ponceau S 
staining method and is a recommended method for staining blots 
(2). Staining with India ink depends on the preferential adher- 
ence of the colloidal carbon particles composed within the ink 
to the immobilized protein on the filter. It is cheap, reliable, and 
sensitive; it yields a permanent record; and it does not interfere 
with subsequent binding of antibody to the antigen. The India 
ink method is generally more useful when low amounts of pro- 
tein are transferred, such as when purified protein preparations 
are being studied. It is also very useful when staining a duplicate 
blot or when using radioactive antibodies for antigen detection. 
However, India ink is not compatible with enzyme- based chro- 
mogenic detection methods, in which case staining can be carried 
out after immunoenzymatic detetction is complete. Care must be 
taken though to see that all the remaining sites on the membrane 
have been blocked with a blocking solution such as Tween-20 
(see Notes 4-5). 

Amido black is yet another alternative staining protocol to the 
Ponceau S staining method and is also a recommended method for 
staining blots (3). Amido black staining solution is designed for 
rapid staining of protein bands on nitrocellulose membranes. 
Amido black staining solution facilitates visualization of low con- 
centration proteins with a low background. Proteins can be easily 
destained with 25% (v/v) isopropanol and 10% (v/v) acetic acid 
(see Notes 6 and 7). 

Colloidal gold is the most sensitive staining technique for proteins 
bound on membranes, detecting as little as 1-3 ng of protein (4). 
Protein spots are permanently stained dark red after incubation 
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1.5. Coomassie 
Brilliant Blue Staining 



1.5.1. Alternate Method to 
Stain with CBB 



1.6. Fast Green Staining 



with the colloidal gold solution. Colloidal gold staining can 
detect proteins on both nitrocellulose and PVDF membranes, 
but it is not recommended for nylon membranes. 

Since its introduction in 1963 by Fazekas de St. Groth et al. (5) 
staining with the organic dye Coomassie Brilliant Blue (CBB) is 
still the most frequently employed method for protein detection 
in polyacrylamide electrophoresis gels and membranes. CBB is a 
disulfonated triphenylmethane textile dye of which two modifica- 
tions exist: Coomassie R-250 (reddish tint) and G-250 (green- 
ish tint, dimethylated form, which has two additional methyl 
groups). In acidic solutions the dye binds to the amino groups of 
the proteins by electrostatic and hydrophobic interactions. CBB 
staining and its various modifications (6) are generally applied 
to acrylamide gels but they are applicable to PVDF membranes. 
The blots are stained at 0.1% Coomassie dye dissolved in 45% 
(v/v) methanol, 45% (v/v) water, and 10% acetic acid. The back- 
ground is destained with 25% (v/v) methanol, 65% (v/v) water, 
and 10% acetic acid (see Notes 8 and 9). 

This staining procedure is employed when low background staining 
and a high degree of sensitivity are required. This staining pro- 
cedure has a sensitivity threshold close to that of silver staining; 
however, one needs to keep in mind that the time required for 
staining is substantially greater than that of either standard sil- 
ver or Coomassie staining. Additionally, in order to see optimal 
results from this staining protocol one should allow 3-4 days for 
completion (see Note 9). 

Considered an "old generation" stain, the organic dye Fast Green 
FCF does not stain proteins multichromatically (see Note 10). It 
can be used for protein detection after native PAGE, SDS-PAGE, 
and IEF, and for alkaline proteins (7, 8). It also belongs to the 
triphenylmethane dye family, but, unlike CBB R-250, it does not 
bind to ampholytes and can, therefore, be used as a stain for IEF 
gels without a separate protein fixation and ampholyte removal 
step. In quantitation, Fast Green proved slightly less sensitive 
than CBB but showed a broader linear range (9) (see Note 10). 



2. Materials 



2. 1. Staining Blots 
with Ponceau S 



lx Ponceau stain: 0.1% Ponceau-S in 1% acetic acid. Mix 0.5 -g 
Ponceau-S (Fisher Scientific, Dallas, TX, USA; BP103-10) in 5-mL 
acetic acid and make it up to 500 mL with distilled water (dH 2 0). 

Ponceau destain: 1% acetic acid, 5-mL acetic acid made up to 



500 mL with dH 2 0, 
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2.2. Staining Blots 
with Amido Black 



2.3. Staining 
Membrane-Bound 
Proteins with Colloidal 
Gold 

2.4. Staining with CBB 



2.4.1. Alternate Method to 
Stain with CBB 



2.5. Fast Green Staining 



3. India ink suspension (Becton Dickinson, USA, 261194). 

4. Phosphate buffered saline (PBS), pH 7.4. 

5. Tween-20 (0.3%). 

1. Water (250 mL). 

2. Methanol (200 mL). 

3. Acetic acid (50 mL). 

4. Amido black (also called Napthol Blue Black): 0.1% (w/v; 
Sigma Chemical Company, St. Louis, MO, USA; A8181). 

5. Methanol (20%), acetic acid (7.5%) 

1 . Colloidal gold stain solution ( Amersham Biosciences, GE Health- 
care, Piscataway, NJ, USA or Bio-Rad, Hercules, CA, USA). 

2. PVDF membrane containing bound proteins. 

3. Tween-20. 

1. Brilliant Blue R-250 (BBR) (Fisher BP101-25). 

2. HPLC water or Milli-Q water. 

3. Fixing solution: 50:10:40 (methanol: acetic acid:H 2 0). 

4. Destaining solution: 45:10:45 (methanol: acetic acid:H 2 0). 

5. Coomassie concentrated stain solution: 12-g CBB + 300-mL 
methanol dissolved, then add 60-mL acetic acid. Stir well. 

6. Coomassie working solution: 500-mL methanol + 30-mL 
Coomassie concentrated stain solution + 400-mL milli Q water + 
100-mL acetic acid. Mix and filter using 0.22 -urn presterilized 
filter. 

1. CBB G250 (Biorad). 

2. HPLC water or Mill-Q water. 

3. Fixing solution: 50:3:47 (ethanohphosphoric acid:H 2 0). 

4. Neuhoffs solution: 16:25:5:54 (ammonium sulfate: methanol: 
phosphoric acid:H 2 0). 

1. Fast Green (F7252 Sigma). 

2. Methanol. 

3. Acetic acid. 



3. Methods 



3. 1. Staining Blots 
with Ponceau S 



1 . Submerge the transfer membrane in Ponceau S stain solution 
with gentle agitation for 5 min. 
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3.2. Staining Blots 
with India Ink 



3.3. Staining Blots 
with Amido Black 



3 A Staining Blots 
with Colloidal Gold 



3.5. Method for 
Staining Blots with CBB 



2. Decant the stain, and rinse the membrane several times with 
distilled water (D/W) until the protein bands are visible. 

3. Use a soft lead pencil to mark the major protein spots and 
molecular weight markers even when the membrane is wet. 

4. Continue rinsing the membrane with D/W with gentle agitation 
until the Ponceau S is removed. 

1. Wash the blot in 100 mL of PBS/Tween 20 (0.3%), with two 
changes at 5 min each. 

2. Place the blot in ~100 mL of India ink suspension. 

3. Incubate at room temperature (RT) for 15 min to 18 h. 
Longer incubations will increase sensitivity. 

4. Destain by washing the blot in multiple changes of PBS. 

5 . Photograph the blot, or record lane positions and molecular- 
weight markers as required. 

1. Wash the blot in 100 mL of PBS/Tween 20 (0.3%), with two 
changes at 5 min each. 

2. Place the blot in ~100 mL of amido black suspension. 

3. Incubate at room temperature (RT) for 5 min. 

4. Destain by washing the blot in multiple changes of destaining 
solution. 

5 . Photograph the blot, or record lane positions and molecular- 
weight markers as required. 

1. Submerge the membrane in Tween-20 protein staining solution 
for 45 min at 37°C with gentle agitation. 

2. Wash the membrane with Tween-20 protein staining solution 
for 5 min at RT with gentle agitation. 

3. Discard the wash solution, and repeat step 2 two more times. 

4. Stain the membrane in the colloidal gold stain solution for 2 h 
at RT with gentle agitation. 

5. Binse the membrane with H 2 for 5 min with gentle 
agitation. 

6. Proceed with protein characterization or analysis. 

1. After electroblotting, transfer the membrane to a clean glass 
container. 

2. Add 0.25% CBB R-250, 50% methanol, and 10% acetic acid, 
25^15 min. 

3. Decant the stain. 

4. Destain the membrane with repeated washings of the mem- 
brane in 5% methanol, 7.5% acetic acid at RT and shaking. 
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3.5. 1. Alternate Staining 
with CBB 



3.6. Staining with Fast 
Green 



1. Allow gels/membranes to fix in this solution overnight (as 
little as 4 h will do and fixation can be prolonged to 4 days if 
need be). 

2. Remove excess fixative by washing gels three times for 30 min 
per wash. 

3. Equilibrate gels in NeuhofPs solution for 1 h. 

4. Add CBB G-250 powder (1 g/L) to each staining tray and 
stain for 3 days. Normally spots can be seen by 24-48 h but 
for optimal staining stain for 3-4 days. 

5 . Store the gel in 5% acetic acid solution at 4°C until in-gel diges- 
tion is performed (The gel can be stored for several weeks). 

1 . Electrotransfer onto nitrocellulose or polyvinylidene fluoride 
(PVDF). 

2. Wet the dry membrane. 

3. Stain for 10 min with 0.001% Fast Green (F7252, Sigma) in 
30% methanol and 7% acetic acid. 

4. Destain the membrane for 10 min with 30% methanol and 7% 
acetic acid. 

5. Wash in water for 10 min. 



4. Notes 



1. Advantages of Ponceau S staining: (a) Staining is rapid, (b) Binding 
to proteins is reversible, (c) Can quickly verify transfer of proteins. 
(d) Storage at room temperature, (e) Stock solution stable for 
over a year. 

2. Disadvantages of Ponceau S staining: (a) Staining is not perma- 
nent, (b) Staining is not very sensitive, (c) Difficult to record 
photographically. 

3. Ponceau S is a kind of an odd stain in that in order to visualize the 
staining, one needs to briefly stain (5-10 min) and then very briefly 
wash with water (just until a little of the red comes off) 5-10 s at a 
time, discard the water and look, add more water to clear the back- 
ground a bit, and then swish around and discard the water. If you 
wash too long, the stain will all be removed, since it is a completely 
reversible stain, which is why it is the only stain that can be used if 
one wants to subsequently use the blot for immunodetection. Do 
not reuse the stain; it will result in nonreproducible results because of 
depletion of the dye after the first use. 

4. Advantages of staining with India ink: (a) Staining is rapid if 
required, 15 -min turnaround time, (b) The materials are cheap 
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yet reliable, (c) Binding to proteins is irreversible, therefore a 
permanent record could be obtained, (d) Can quickly verify 
transfer of proteins, (e) Storage at room temperature, (f) Stock 
solution stable for over a year, (g) Does not interfere with 
poststaining steps such as binding of antibody to antigen. 

5 . Disadvantages of staining with India Ink: (a) Staining is quite 
sensitive (upto 100 ng). (b) Difficult to record photographi- 
cally due to lack of contrast as the protein bands appear as 
black bands on a gray background, (c) Correct India Ink 
needs to be used (Pelikan Fount India Drawing Ink). 

6. Advantages of staining with amido black: (a) Staining is rapid 
if required, 5-min turnaround time, (b) Binding to proteins is 
irreversible, therefore a permanent record could be obtained. 
(c) Can quickly verify transfer of proteins, (d) Storage at room 
temperature, (e) Stock solution stable for over a year. 

7. Disadvantages of staining with amido black: (a) Staining is of 
low sensitivity, (b) Difficult to record photographically due 
to lack of contrast, (c) Not compatible with immunological 
detection, (d) May cause distortion of the membrane. 

8. Advantages of staining with CBB: (a) The gel can remain in 
staining or stabilizing solution for several days without any 
effect on the results, (b) The optimal sensitivity and detec- 
tion limit are low of several nanograms per spot, (c) Other 
advantages of Coomassie staining methods are the quantita- 
tive binding of the dye to proteins, the low price, and the 
good reproducibility, (d) The stain can be reused. 

9. Disadvantages of staining with CBB: (a) One of the draw- 
backs of this staining method is that because of the presence 
of alcohol some of the proteins release the dye during the 
background destaining process, (b) Some proteins, such as 
collagen, for example, destain faster than the polyacrylamide 
gel/membrane and likewise some proteins, such as bovine 
serum albumin, for example, stain a lot faster than others do. 
(c) The other downside to this procedure is that the total 
procedure takes long, (d) The sensitivity is relatively low and 
stains in a narrow dynamic range, (e) Staining times can be 
reduced by using hot stain and destain solutions, (f) Kimwipes 
can be placed in the destaining container, which will absorb 
the dye, to increase the destaining procedure and decrease the 
time of destaining. (g) Sensitivity can be increased by staining 
the membrane with 0.25% CBB in 50% trichloroacetic acid. 

10. Advantages of staining with Fast Green: (a) Fast Green is 
available in high purity, (b) Protein can be quantitated on blots 
by staining with Fast Green before blocking and immuno- 
detection, (c) The fluorescence response on membranes is 
proportional to the amount of protein. 
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Chapter 44 



Use of Nonradioactive Detection Method 
for North- and Southwestern Blot 

Claudia Franke, Daniel Grafe, Holger Bartsch, and Michael Bachmann 



Summary 

Many proteins bind to nucleic acids. For the first characterization of novel proteins, a fast and simple 
technique for testing their nucleic acid binding capabilities is desirable. Here, we describe the use of a 
northwestern and southwestern blot protocol for the evaluation of the DNA and RNA binding abilities 
of a novel putative methyl transferase HSPC133 (METTL5). 

Key words: DNA binding, RNA binding, Northwestern blot, Southwestern blot 



1. Introduction 



Proteins interact with different compounds within the living cells. 
Often they can bind to nucleic acids, e.g., nuclear DNA for initia- 
tion or inhibition of RNA transcription. To have an easy and simple 
tool to evaluate such binding capabilities, one can use standard 
western blotting and combine this technique with an additional 
incubation step involving labeled nucleic acids. These procedures 
are commonly known as northwestern or southwestern blot when 
RNA or DNA is used as probe, respectively. Here, we describe 
such a nonradioactive procedure. 

La/SS-B is an autoantigen known to bind to RNA (1) as 
well as to DNA (2). We have used this protein as a control for the 
evaluation of the binding capacities of a novel, so far not charac- 
terized protein HSPC133 (METLL5) that is supposed to have 
methyl transferase activities (3). Therefore, it was of interest to 
figure out, if DNA or RNA or both could be possible substrates. 
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2. Materials 



2. 1. Preparing 
DIG-Labeled 
Nonradioactive 
RNA Probe 



1. DEPC (diethylpyrocarbonate) -treated water: Dissolve 0.1% 
(v/v) DEPC solution (Carl Roth, Karlsruhe, Germany) in 
water and incubate over night. Destroy remaining DEPC by 
autoclaving (see Note 1). 

2. Phenol/chloroform/isoamyl alcohol (25/24/1) and chlo- 
roform/isoamyl alcohol (24:1) (both supplied from Carl 
Roth, Karlsruhe, Germany). 

3. DIG-NTP labeling mixture (lOx, 10 mM ATP, 10 mM CTP, 
10 mM GTP, 6.5 mM UTP, 3.5 mM DIG-11-UTP, pH 7.5). 

4. Transcription buffer (lOx cone). 

5. DNase I (RNase free, 10 U/juL). 

6. Protector RNase inhibitor (20 U/juL). 

7. SP6 RNA polymerase (20 U/juL) and all solutions (Sub- 
heading 2.1, items 3-7) are provided by Roche, Mannheim, 
Germany (see Note 2). 

8. 200 mM EDTA (pH 8), prepare in DEPC-treated water. 

9. DIG-labeled actin control RNA (Roche, Mannheim, Germany). 

10. Nylon membrane, uncharged (Micron Separations Inc. 
(MSI), Westboro, MA, USA) (see Note 3). 

11. TBST (lOx): 1.5 M NaCl, 0.5 M Tris-HCl, pH 8, 1% 
Tween-20. Dilute 100 mL with 900 mL water for use. 

12. Blocking buffer: 5% (w/v) Blocking Reagent (Roche, Man- 
nheim, Germany) in TBST. 

13. Detection buffer: 100 mM Tris-HCl, pH 9.5, 50 mM 
MgCl 2 , 100 mM NaCl. 



2.2. Preparation of 
Nonradioactive DNA 
Probe 



Polymerase (Expand High Fidelity) (3.5 U/juL), PCR buffer 
with 15 mM MgCl 2 (lOx cone), dNTP stock solution (lOx 
cone, dATP, dCTP, dGTP, dTTP (2 mM each), pH 7) 
(Roche, Mannheim, Germany) (see Note 4). 

PCR DIG Probe Synthesis Mix (lOx cone, dATP, dCTP, 
dGTP (2 mM each), 1.3 mM dTTP, 0.7 mM DIG-11-dUTP, 
pH 7) (Roche, Mannheim, Germany). 



2.3. Western Blotting 



3 
4. 



Transfer Buffer: Roti-Blot A and Roti-Blot K (Carl-Roth, 
Karlsruhe, Germany). 

Nitrocellulose membrane: Hybond-C extra (Amersham/GE- 
HealthCare Life Science, Munich, Germany) (see Note 5). 

3MM chromatography paper (Whatman, Maidstone, UK). 

Ponceau S staining solution: 0.1% (w/v) Ponceau S in 5% (v/v) 
acetic acid. 
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2A. Development of 
Northwestern/ 
Southwestern Blot 



1 . Blocking buffer: 5% (v/v) Blocking Reagent (Roche, Mannheim, 
Germany) in TBST. 

2. Tris-buffered saline with Tween-20 (TBST) (lOx): 1.5 M 
NaCl, 0.5 M Tris-HCl, pH 8, 1% Tween-20. Dilute 100 mL 
with 900 mL water for use. 

3. Antibodies: Anti-penta-HIS mouse IgG (Qiagen, Hilden, 
Germany), anti-DIG IgG coupled to alkaline phosphatase 
(Roche, Mannheim, Germany), anti-mouse IgG coupled to 
peroxidase (POD) ( Sigma -Aldrich, Taufkirchen, Germany). 

4. Detection buffer: 100 mM Tris-HCl, pH 9.5, 50 mM MgCl 2 , 
100 mM NaCl. 

5. NBT (^-nitrobluetetrazoliumchloride) stock: 77 mg/mL in 
70% dimethylformamide (DMFA). 

6. BCIP (5-bromo-4-chloro-3-indolyl-phosphate) stock: 50 mg/ 
mL in 100% DMFA. 



3. Methods 



For characterization of novel proteins, often the binding to nucleic 
acids has to be addressed. A fast and reliable method, therefore, is 
the use of a combination of western- and northern- and accord- 
ingly western- and Southern- blot techniques to a northwestern 
or southwestern blot. Here, we have used the method in order to 
characterize the binding capabilities of a novel protein, a putative 
methyl transferase, called HSPC133/METTL5. 

Figs. 1 and 2 give examples of a northwestern (Fig. 1) and 
southwestern blot (Fig. 2) using purified HSPC133 and La/ 
SS-B protein, which is able to bind to both DNA and RNA. 



3. 7. Preparation of 
DIG-Labeled Nonra- 
dioactive RNA Probe 



Clone the appropriate cDNA sequence into a vector contain- 
ing the T7, T3, or Sp6 promoter sequence depending on the 
RNA polymerase you are going to use (e.g., pGemTeasy). We 
used the reporter gene CAT in our experiments for the detec- 
tion of general RNA binding (see Note 6). 

Linearize 10 jug of this vector using a restriction enzyme that 
cuts nearby the 3' end of your sequence to prevent excessive 
3' transcription of unwanted sequences. 

Extract the DNA once with phenol/chloroform/isoamyl 
alcohol and once with chloroform/isoamyl alcohol. Precipi- 
tate the DNA with pure ethanol. Redissolve the DNA in water 
at a concentration of approximately 1 jug/uL. 

Use 1 jug of linearized DNA to set up your in vitro transcrip- 
tion experiment. Add 2 juL DIG-NTP labeling mixture, 2 juL 
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Fig. 1 . Northwestern blotting analysis of recombinant HSPC1 33 and La/SS-B protein to investigate the binding capability to 
RNA. Blot (A) was incubated with DIG-labeled RNA (1 (ig/mL) and developed with an anti-DIG antibody coupled to AR RNA is 
binding to La/SS-B and HSPC1 33. After detection of the bound RNA, the same blot was processed with an anti-His antibody 
and a secondary antibody coupled to peroxidase in order to visualize the recombinant proteins themselves [blot (B)]. 
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Fig. 2. Southwestern blotting analysis of recombinant HSPC133 and La/SS-B protein to investigate the binding capability 
to DNA. Blot (A) was incubated with DIG-labeled DNA (diluted 1/1 ,000) and developed with a anti-DIG antibody coupled 
to AP. The DNA is binding only to the La/SS-B protein. After detection of the bound DNA, the same blot was processed 
with an anti-His antibody and a secondary antibody coupled to peroxidase in order to visualize the recombinant proteins 
themselves [blot (B)]. 



transcription buffer, 1 juL RNase inhibitor, and 2 juL SP6 
RNA-polymerase (40 U) and adjust to 20 juL with water. 

5 . Incubate at 37°C for 2 h. You could expect a yield of approximately 
10-20 jug DIG-labeled RNA (0.5-1 jug/juL final concentration). 

6. Add 2 juL RNase-free DNasel (Roche, Mannheim, Germany) and 
incubate for 15 min at 37°C in order to destroy the template 
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3.2. Preparation of 
DIG-Labeled 
Nonradioactive DNA 
Probe 



3.3. SDS-PAGE 



DNA. Stop the reaction by adding 2 uL EDTA (200 mM, pH 
8, made of DEPC-treated water). 

7. For quantification prepare a serial dilution of your labeled RNA 
(as a starting point estimate 1 jug/juL for your concentration) 
and corresponding dilutions of the DIG-labeled actin RNA. 

8. Spot 1, 10, and 100 pg, and 1 ng onto a nylon membrane. 
UV cross-link the RNA in a Strata-Linker (90 mj/cm 2 ) and 
wash briefly in TBST. 

9 . Block the membrane for 20 min in a blocking buffer at room tem- 
perature (RT). Add the anti-DIG alkaline phosphatase coupled 
antibody (dilute 1 to 10,000) directly to the blocking buffer 
and incubate for additional 30 min at RT on a rocking platform. 

10. Wash twice with TBST for 5 min each at RT. Equilibrate the 
membrane with detection buffer for 5 min at RT. 

1 1 . Prepare substrate solution by mixing 50 uL NBT stock solution 
and 37.6 uL BCIP stock solution in 10 mL detection buffer; 
prepare freshly and protect from light. 

12. Incubate the membrane with substrate solution in the dark 
without shaking until clear bands are visible. Stop the reaction 
by emerging the blot in water. 

1 3 . Calculate the amount of your DIG-labeled RNA by comparison 
with the actin standard. Store the RNA in aliquots at -20°C. 

1 . Choose the DNA sequence you want to use. We used a CAT 
containing plasmid in order to amplify a CAT construct 
(approximately 1,000 bp) for our experiments. 

2. Set up the PCR reaction in a 0.2 mL PCRtube as follows: 5 juL 
lOx PCR buffer (including MgCl 2 ), 2.5 juL each primer (0.5 
jliM each), 5 juL lOx PCR-DIG mix (Roche, Mannheim, 
Germany), 2.5 U polymerase, lng template DNA. Fill up 
the reaction mix to 50 juL final volume with PCR grade 
water. In parallel set up a control reaction using unlabeled 
dNTPs instead of the DIG labeled ones. 

3. Mix the reagents and centrifuge briefly to collect the liquid 
at the bottom of the PCR tube. 

4. Put your sample in a thermal cycler and perform a normal 
PCR according to your primer and template DNA with 30 
cycles (see Note 7). 

5 . Check the outcome of the PCR in a normal agarose gel electro- 
phoresis. In comparison to the unlabeled PCR, the labeled PCR 
product shows a slightly higher molecular weight (see Fig. 3). 

6. Store in aliquots at -20°C. 

1. Carry out SDS-PAGE (1-mm thick mini gels) according to 
Laemmli (4) (see Chapter "Immunoblotting using Radiola- 
beled Reagents for Detection). 
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Fig. 3. PCR result after DIG labeling. This ethidium bromide stained agarose gel -DIG +1 

gives the result of the DIG labeling PCR (+DIG) compared with the normal control 
PCR with the same template, but without the labeling mix (-DIG). Notice the size 
difference between the different PCR bands. 



1 5kb 

1kb 




2. Load 30 juL (approximately 3 jug protein) of each sample in a 
well. Include one well for prestained molecular weight markers, 
Page Ruler (Fermentas, St. Leon-Roth, Germany). Either load 
the samples for the DNA- binding assay (southwestern blot) or 
for the RNA- binding assay (northwestern blot) (see Note 8). 

3.4. Blotting of the 1. After separation by SDS-PAGE, the samples are transferred to 

Protein nitrocellulose membranes electrophoretically. These directions 

assume the use of a semidry system provided by Bio-Rad (Trans- 
Blot Semi-Dry Transfer Cell, Bio-Rad, Munich, Germany). Two 
trays with transfer buffer Roti-Blot A and transfer buffer Roti- 
Blot K, respectively, are prepared with a size slightly bigger than 
the dimension of the gel. 

2. Cut the nitrocellulose membrane and eight pieces of Whatman 
3MM paper in the size of the separating gel. Cut one edge of 
the membrane for later orientation. 

3. Four sheets of 3MM are moistened in transfer buffer Roti-Blot 
A and transferred to the anode plate of the blotting device. 
On top of this stack, the nitrocellulose membrane is added. 

4. The gel unit is disconnected from the power supply and disas- 
sembled. The stacking gel is removed and discarded and one 
corner (corresponding to the membrane) is cut from the sepa- 
rating gel to allow its orientation to be tracked. The separating 
gel is then laid on top of the nitrocellulose membrane. 

5 . Another four sheets of 3MM paper are wetted in transfer buffer 
Roti-Blot K and carefully laid on top of the gel, ensuring that 
no bubbles are trapped in the resulting sandwich. You can 
remove air bubbles by carefully rolling a glass pipette on top of 
the pile. 
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3.5. Development of 
Northwestern/ 
Southwestern Blot 



6. The lid is put on top of the stack and the power supply is acti- 
vated. Transfers can be accomplished at 0.8 mA/cm 2 mem- 
brane size for 1 h. 

7. Once the transfer is complete the stack is carefully disassem- 
bled. The 3MM paper and the gel can then be discarded. If 
you want, you can stain the gel in Coomassie Blue staining 
reagent for 1 h and destain thereafter in order to check for 
complete transfer of the separated proteins. On the nitrocellu- 
lose membrane the colored molecular weight markers should 
be clearly visible. 

8. Stain the membrane with Ponceau S staining solution for 5 
min at RT. Destain the blot with water until the protein bands 
are clearly visible. 

1. Block the membrane in 10 mL blocking buffer overnight 
at 4°C. Alternatively, blocking is done for 1.5 h at RT on a 
rocking platform. 

2 . Continue by discarding the blocking buffer. Add the respective 
labeled nucleic acid diluted in blocking buffer (DIG-labeled 
DNA 1:1,000 diluted or DIG-labeled RNA at 1 ug/mL final 
concentration) and incubate for 2 h at RT on a rocking 
platform. 

3 . Remove the labeling solution and wash the membrane four 
times for 5 min each with 10 mL TBST. 

4. The detection antibody (anti-DIG conjugated with alkaline 
phosphatase, Roche, Mannheim, Germany) is freshly pre- 
pared for each experiment as 1:1, 000-fold dilution in anti- 
body incubation buffer and added to the membrane for 1 h 
at RT on a rocking platform. 

5. The antibody is discarded and the membrane washed five 
times for 5 min each with 10 mL TBST. 

6. Equilibrate the membrane with detection buffer for 5 min at RT. 

7. Prepare substrate solution by mixing 50 uL NBT stock solution 
and 37.6 juL BCIP stock solution in 10 mL detection buffer; 
prepare freshly and protect from light. 

8. Incubate the membrane with substrate solution in the dark 
without shaking until clear bands are visible. Stop the reaction 
by immersing the blot in water. 

9. Document the result by scanning the blots with a normal 
flatbed scanner. Pouch the blot between two sheets of trans- 
parent foil in order to prevent drying of the blot. 

10. Continue with the ECL detection of the blotted proteins. 
Incubate the membrane in 10 mL blocking buffer for 30 min 
at RT on a rocking platform. Alternatively, the membrane 
could be blocked overnight at 4°C. 
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11. Discard the blocking buffer and incubate with an anti- 
Tag antibody (in our case anti-penta His-antibody diluted 
1:2,500 in blocking buffer) and incubate for 2 h at RT on a 
rocking platform. 

12. Remove the labeling solution and wash the membrane four 
times for 5 min each with 10 mL TBST. 

13. The secondary antibody (anti- mouse conjugated with POD) 
is freshly prepared for each experiment as 1 : 80,000-fold dilu- 
tion in antibody incubation buffer and added to the mem- 
brane for 1 h at RT on a rocking platform. 

14. The secondary antibody is discarded and the membrane is 
washed five times for 5 min each with 10 mL TBST. 

15. During the final wash, for each blot warm 1 mL solution 
A and 25 juL solution B of the ECL Plus solutions to RT. 
Once the final wash is removed from the blot, the ECL Plus 
reagents are mixed together and then immediately added to 
the blot, which is then incubated for 5 min at RT. Take care 
that the membrane is always covered with liquid. 

16. The blot is removed from the ECL Plus reagents, dried 
briefly, and analyzed in a ChemiDoc XRS system (BioRad, 
Munich, Germany) or equivalent system. 



4. Notes 



1. Unless stated otherwise, all solutions should be prepared 
in water that has a conductivity of 0.056 juS/cm and total 
organic content of less than 5 ppb. This standard is referred to 
as "water" in this text. 

2 . All solutions had been purchased as a complete kit (DIG RNA 
labeling kit, Roche, Mannheim, Germany). But as there are 
many in vitro transcription systems available, they might end 
up in identical results. Only the NTP labeling mix should be 
obtained from Roche. 

3. We have very good experience with the nylon membrane 
from MSI, but other nylon membranes (either charged or 
uncharged) used for northern- or southern-blot techniques 
will work equally. 

4. Any PCR system that is established in your lab might work. 
Only the lOx PCR-DIG mix must be used instead of the 
normally used dNTP mix in the labeling PCR reaction. For 
your convenience you might also use the PCR-DIG Probe 
Synthesis Kit available from Roche (Mannheim, Germany) 
that contains all needed materials. 
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5. Any nitrocellulose membrane might work with this system. 

6. If you want to evaluate a specific substrate, you have to clone 
your cDNA sequence in antisense direction in order to obtain 
labeled sense RNA as a probe. 

7. If you want to amplify a sequence longer than 3 kb increase 
the elongation time after the first 10 cycles by adding 20 s to 
each missing cycle, or use a long-run PCR mix instead. 

8. Alternatively, the membrane could be cleaved after the blot- 
ting in order to provide two pieces for incubation with DNA 
or RNA, respectively. 
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Chapter 45 



Immunoblotting Using Radiolabeled Reagents for Detection 

Holger Bartsch, Claudia Franke, and Michael Bachmann 



Summary 

Development of immunoblots is commonly performed using enzyme-labeled antibodies, which convert 
soluble substrates into insoluble colored products. A simple, rapid, and sensitive alternative method that 
produces low background and allows a rapid quantitative evaluation is the use of radiolabeled antibodies or 
protein A conjugates. Here, we describe the use of iodinated secondary antibodies for immunodetection of 
an autoantigen during HPLC purification. 

Key words: Systemic autoimmunity, Autoantibodies, Immunoblotting, Radiolabeled reagents 



1. Introduction 



Biochemical purification of proteins from total extracts is a time- 
consuming multistep process, which commonly includes fractionated 
ammonium sulfate precipitation, ion-exchange chromatography 
using diethylaminoethyl (DEAE)- and/or phosphocellulose, gel 
filtration steps such as those using Sephadex or Sepharose, and 
affinity chromatography. Thereby, a series of samples are collected 
and analyzed to identify those fractions containing the desired 
protein. Many proteins are posttranslationally modified. Conse- 
quently, a rapid, sensitive, and quantitative procedure is required 
for the analysis of such a series of samples. The use of radiolabeled 
reagents can become a rapid and simple useful alternative, especially 
in cases where the antibodies are limited or expensive. 

Here, we describe such a procedure. In this study we analyzed 
the copurification of the autoantigen La/SS-B and RNA polymerase 
III (1). The purification included a series of high-performance 
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liquid chromatography (HPLC) steps. To identify the La antigen 
we used the monoclonal anti-La antibody La4B6 (2) in combina- 
tion with an iodinated secondary anti-Ig antibody 



2. Materials 



2.1. Cell Culture 
and Lysis 



2.2. SDS- 

Polyacrylamlde Gel 
Electrophoresis 
(SDS-PAGE) 



2.3. Western Blotting 
for Detection of La/ 
SS-B 



1. Dulbecco's Modified Eagle's Medium (DMEM) (Invitrogen, 
Karlsruhe, Germany) supplemented with 10% fetal bovine 
serum (FBS, Biochrom, Berlin, Germany). 

2. HeLa cells from a 2 L culture are harvested and total extract is 
prepared. The extract was separated by HPLC on a diethylaminoe- 
thyl (DEAE) resin using a linear salt gradient as described (1). 

3. Modified Laemmli (3) buffer for gel loading: 200 mM dithioth- 
reitol (DTT), 4% (w/v) sodium dodecyl sulfate (SDS), 20% (v/v) 
glycerol, 0.2% (w/v) bromphenol blue, 100 mM Tris-HCl (pH 
6.8). Store in aliquots at -20°C (see Note 1). 

In principle, SDS-PAGE was performed according to Laemmli 
(3) using the following modifications: 

1. Separating buffer (4x): 1.5 M Tris-HCl, pH 8.8, 0.5% (w/v) 
SDS. Store at room temperature (RT). 

2. Stacking buffer (4x): 0.5 M Tris-HCl, pH 6.8, 0.5% (w/v) 
SDS. Store at RT. 

3. Thirty percent acrylamide solution (Rotiphorese® Gel A, Carl- 
Roth, Karlsruhe, Germany) (this is a neurotoxin when unpolym- 
erized and so care should be taken not to receive exposure). 

4. 2% Bis- acrylamide solution (Rotiphorese® Gel B, Carl Roth, 
Karlsruhe, Germany). 

5 . N,N, N, N - tetramethyl- ethylenediamine ( see Note 2 ) . 

6. Ammonium persulfate: 10% (w/v) solution in water and freeze 
in single use (200 juL) aliquots at -20°C. 

7. Water- saturated isobutanol: Shake equal volumes of water and 
isobutanol in a glass bottle and allow to separate. Use the top 
layer. Store at RT. 

8. Running buffer (lOx): 250 mM Tris (do not adjust pH), 1.92 
M glycine, 1% (w/v) SDS. Store at RT. 

9. Prestained molecular weight marker: Page Ruler™ (Fermentas, 
St. Leon-Roth, Germany). 

After SDS-PAGE, transfer proteins to nitrocellulose: 
1. Transfer buffer: Roti-Blot A and Roti-Blot K (Carl-Roth, 
Karlsruhe, Germany). 
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2. Nitrocellulose membrane: Hybond-C extra (Amersham/GE- 
HealthCare Life Science, Munich, Germany) (^^Note 3). 

3. 3MM chromatography paper (Whatman, Maidstone, UK). 

4. Tris-buffered saline with Tween (TBST) (lOx): 1.5 M NaCl, 
0.5 M Tris-HCl, pH 8, 1% Tween-20. Dilute 100 mL with 
900 mL water for use. 

5. Blocking buffer: 5% (w/v) Blocking Reagent (Roche, Man- 
nheim, Germany) in TBST. 

6. Antibody incubation buffer: TBST supplemented with 1% 
(w/v) fraction V bovine serum albumin (BSA). 

7. Secondary antibody: Iodinated anti-mouse IgG 500,000 
counts/min (CPM) per 5 mL of blocking buffer (Perkin- 
Elmer, Rodgau, Germany) (see Notes 4 and 5). 



3. Methods 



3. 1. Preparation of 
Samples for Detection 
ofLa/SS-B by Western 
Blotting 



Separation of La protein containing fractions from HeLa cell 
extract was performed as described (1). The collected samples 
were separated by SDS-PAGE, transferred to nitrocellulose, incu- 
bated with a previously described anti-La monoclonal antibody 
La4B6, and detected by radiolabeled iodinated anti-IgG antibod- 
ies using a phosphoimager system (Fig. 1). 

1. A labeled microcentrifuge tube for each sample with a hole 
poked in the cap using a 26 -gauge syringe needle, a heat- block at 
100°C, and sample buffer preheated to 100°C are held ready. 

2. Mix collected samples (20 juL) with 5 juL of sample buffer. 

3. The tubes are closed and then boiled for further 10 min. After 
cooling to room temperature, they are ready for separation by 
SDS-PAGE. 



1 



8 



10 11 12 




Fig. 1 . Samples (1 -1 2) obtained by HPLC chromatography were collected and analzyed for the presence of the La protein. 
The samples were separated by SDS-PAGE, transferred to nitrocellulose, and after blocking the membrane was incu- 
bated with the previously described anti-La mab La4B6 followed by an iodinated secondary antibody. The blot(s) were 
developed using a phosphoimager system. 
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3.2.SDS-PAGE 1. These instructions assume the use of a 1-mm thick mini gel 

system (Bio-Rad, Munich, Germany). It is critical that the glass 
plates for the gels are scrubbed clean with a detergent before 
and after use and rinsed extensively with distilled water. 

2. Prepare the 1-mm thick, 10% separating gel by mixing 3.2 mL 
Roti Gel A, 1.3 mL Roti Gel B, 2.6 mL of separating buffer, 
2.5 mL water, 50 juL ammonium persulfate solution, and 
7.5 juL TEMED. Pour the gel, leaving space for a stacking gel, 
and overlay with water- saturated isobutanol. The gel should 
polymerize in about 30 min. 

3 . Pour off the isobutanol and rinse the top of the gel twice with 
separating buffer. 

4. Prepare the 3.5% stacking gel by mixing 375 juL Roti Gel A, 
150 juL Roti Gel B, 500 juL of stacking buffer, 1.3 mL water, 
25 juL ammonium persulfate solution, and 2.5 juL TEMED. 
Pour the stack and insert the comb. The stacking gel should 
polymerize within 30 min. 

5. Prepare the running buffer by diluting 100 mL of the lOx 
running buffer with 900 mL of water in a measuring cylinder. 
Cover with Parafilm and invert to mix. 

6. Once the stacking gel has set, carefully remove the comb and 
use a 3 mL syringe fitted with a 22 -gauge needle to wash the 
wells with running buffer. 

7. Add the running buffer to the upper and lower chambers 
of the gel unit and load 30 juL of each sample in each well. 
Include one well for prestained molecular weight markers. 

8. Complete the assembly of the gel unit and connect to a power 
supply. The gel is run at 80 V until the dye front reaches the 
separating gel. Then the voltage is raised to 100 V and the gel 
runs for approximately 1 .5 h until the dye front reach the bottom 
of the gel. 

3.3. Western Blotting 1. After the separation by SDS-PAGE, the protein samples are 

for Detection of La/ transferred to nitrocellulose membrane electrophoretically 

SS-B These directions assume the use of a semidry system provided by 

Bio-Rad (TransBlot ™ Semi-Dry Transfer Cell, Bio-Rad, Munich, 

Germany). 

2. Cut the nitrocellulose membrane and eight pieces of Whatman 
3MM paper to the size of the separating gel. Cut one edge of 
the membrane for later orientation. 

3. Four sheets of 3MM are moistened in the transfer buffer Roti- 
Blot A and transferred to the anode plate of the blotting device. 
Place the nitrocellulose membrane on top of this stack. 

4. The gel unit is disconnected from the power supply and disassem- 
bled. Discard the stacking gel, and one corner (corresponding 
to the membrane) is cut from the separating gel to allow its 
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orientation to be tracked. The separating gel is then laid on top 
of the membrane. 

5. Moisten another four sheets of 3MM paper in the transfer 
buffer Roti-Blot Kand carefully place on top of the gel, ensur- 
ing that no bubbles are trapped in the resulting sandwich. 
One can remove air bubbles by carefully rolling a glass pipette 
on top of the pile. 

6. The lid is placed on top of the stack and the power supply 
is activated. Transfers can be accomplished at 0.8 mA/cm 2 
membrane size for 1 h. 

7. Once the transfer is complete the stack is carefully disassembled. 
The 3MM paper and the gel can then be discarded. One can 
stain the gel in Coomassie Blue for 1 h and destain thereafter in 
order to check for completeness of transfer. The colored molec- 
ular weight markers should be clearly visible on the membrane. 

8. Block the membrane in 10 mL blocking buffer overnight at 
4°C. Alternatively, blocking is done for 1.5 h at RT on a 
rocking platform. 

9. After transfer and blocking the nitrocellulose sheets were incu- 
bated with a dilution of the primary antibody of 1 to 100 for 1 h. 

10. Wash the membrane twice with blocking solution. 

1 1 . Seal the membrane in plastic wrap and add iodinated secondary 
antibody equivalent to 500,000 CPM per 5 mL of blocking 
solution. Incubate further for 1 h (see Notes 4 and 5). 

12 . After washing with PBS (4x5 min) the blots are ready for detec- 
tion using either autoradiography or a phosphoimager system. 



4. Notes 



1. Unless stated otherwise, all solutions should be prepared 
in water that has a conductivity of 0.056 juS/cm and total 
organic content of less than 5 ppb. This standard is referred to 
as "water" in this text. 

2. TEMED is best stored at RT in a desiccator. Buy small bottles 
as it may decline in quality (gels will take longer to polymerize) 
after opening. 

3. Any nitrocellulose membrane might work with this system. 

4. Instead of iodinated anti-mouse antibody, iodinated protein 
A or G preparations can be used equally. 

5 . The best suitable amount of radioactively labeled secondary 
antibody must be determined experimentally. Usually 500,000 
CPM per 5 mL gave low background and resulted in good 
sensitivity. 
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Chapter 46 



Detection of Protein Carbonyls by Means of Biotin 
Hydrazide-Streptavidin Affinity Methods 

Kenneth Hensley 



Summary 

Oxidative posttranslational protein modifications occur as a normal process of cell biology and to a 
greater extent during pathogenic conditions. The detection and quantitation of protein oxidation has 
posed a continuing challenge to bioanalytical chemists because the products of oxidative protein damage 
are chemically diverse, protein oxidation generally occurs at low background levels, and the complexity 
of biological samples introduces high background noise when standard techniques such as immunolabe- 
ling are applied to "dirty" tissue extracts. A refinement of classic reductive amination methods has been 
developed, which circumvents these difficulties by incorporating a biotin label at sites of protein carbo- 
nylation. Biotin hydrazide-labeled proteins are detectable using standard streptavidin- coupled detection 
techniques such as peroxidase-catalyzed chemiluminescence of immunoblots. Advantages of the biotin 
hydrazide-labeling technique are its sensitivity and its lack of reliance upon antibodies that inevitably 
suffer from nonspecific background noise and contaminating endogenous immunoglobulins. 

Key words: Protein carbonyl, Free radical, Biotin, Hydrazide, Oxidation 



1. Introduction 



The routine study of protein oxidative damage has depended heavily 
upon techniques to assay relatively stable protein (i.e., mostly irre- 
versible) carbonyl groups formed by contact with harsh oxidants, 
particularly oxygen-centered free radicals (1). Early methods for 
measuring protein carbonyls relied upon reductive treatment of bio- 
logical samples with tritiated borohydride (2-4). Refinements of this 
strategy produced the dinitrophenylhydrazine technique of reduc- 
tively coupling a 2,4-dinitrophenol (DNP) derivative to protein 
carbonyls, which allowed spectrophotometric or immunochemical 
detection of the DNP label (5-7). 
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HUN 



The DNP technique has been notably successful in many cases. 
For instance the DNP technique has demonstrated age-related 
increase in protein carbonyl accumulation within aging and Alzhe- 
imer's disease -afflicted human brain (6) and in mouse models of 
Alzheimer's disease-like histopathology (7). Unfortunately, how- 
ever, this technique suffers from severe limitations when applied to 
tissue extracts from mammalian sources. One of the most severe 
limitations is that of contaminating immunoglobulins in the tissue. 
Inevitably the secondary antibodies that typically are used to detect 
DNP:anti-DNP complexes will detect nonspecific IgG present in 
the mammalian tissue. If serum is present this problem can be rather 
severe, even when "species-specific" secondary IgG is employed. 
Furthermore, one typically notices substantial anti-DNP immuno- 
reactivity in control samples wherein DNP labeling steps are omitted, 
suggesting a degree of nonspecificity in anti-DNP affinity. 

These problems can be circumvented somewhat by modifying 
the classic reductive hydrazide -labeling chemistry to employ biotin 
hydrazide or biotin- LC -hydrazide (containing an alkyl spacer) in 
place of DNP. Reaction of biotin hydrazide with a protein carbonyl 
yields a stable hydrazone derivative (Fig. 1). The biotin-tagged 
protein carbonyl can be visualized by standard streptavidin-dependent 
detection methods such as chemiluminescent detection of derivatized 
proteins on western blots using horseradish peroxidase -conjugated 
strep tavidin ( HRP- strep tavidin). This method displays the known 
specificity of streptavidin detection chemistries while being com- 
pletely insensitive to endogenous immunoglobulin. Our laboratory 
has employed the biotin hydrazide technique successfully in the 
study of oxidative damage in the central nervous system, particularly 




o^c — protein 



oxidized protein 



biotin-LC-hydrazide 



-H 2 



protein- 




(CH 2 ) 




(CH 2 ) 4 




protein- biotin conjugate 



Fig. 1 . Structure of biotin-LC-hydrazide and its reaction with protein carbonyl groups. 



Detection of Protein Carbonyls by Means of Biotin Hydrazide-Streptavidin Affinity 



459 



utilizing the SODl G93A mouse model of amyotrophic lateral scle- 
rosis (8-10). 

Methods and examples of biotin hydrazide labeling are described 
wherein protein carbonyl groups are visualized in immunoblots of 
mammalian tissue or cell lysates. These methods are intended only 
as a guideline that can be adapted for specific needs. 



2. Materials 



1 . Biotin hydrazide or biotin-LC-hydrazide (Pierce Biotechnology, 
Rockford, IL, USA): 50 mM in dimethyl sulfoxide (DMSO) 
and freeze at -20°C (stable for at least 6 months). The term 
"biotin hydrazide" is used generically throughout this discus- 
sion to refer to either biotin hydrazide or biotin-LC-hydrazide. 
The choice to use the reagent with or without the alkyl spacer is 
determined by the researcher's needs and should be determined 
empirically by the researcher {see Note 1). 

2. Streptavidin- conjugated HRP (stock solution): 0.5 mg/mL 
in sterile saline and frozen in aliquots at -20°C; stable for at 
least 3 months. 

3. 2V-morpholino-ethanesulfonate (MES buffer): 20 mM in 
water, adjusted to pH 5.5. 

4. Butylated hydroxytoluene (BHT): 100 mM in absolute ethanol. 

5. Desferoxamine mesylate (DFO), an iron chelator, 100 mM in 
saline. 

6. SDS-PAGE loading dye: 10% Tris-HCl (pH 8.8), 50% glycerol, 
1% sodium dodecyl sulfate, and 0.01% bromphenol blue plus or 
minus 2% mercaptoethanol or 100 mM dithiothreitol. 

7. Wash buffer: 24-g Tris base, 80-g NaCl, 15-mL Tween-20 in 
1-LH 2 0. 



3. Methods 



Lyse sample in MES buffer. For extraction of tissue lysates and 
lipid-rich samples the buffer can be supplemented with 0.1% 
Triton X-100 or other detergents or chaotropic agents at similar 
concentrations. Protease inhibitors and phosphatase inhibitors 
can be included as desired. Samples should be assayed for total 
protein concentration and adjusted to the same uniform protein 
concentration. 
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2. To small volumes of each sample (100 juL is sufficient) add a 
10% additional volume of biotin hydrazide. To slow or prevent 
metal- catalyzed oxidation during the incubation step, desfer- 
oxamine and BHT can be added in 1:100 dilution from the 
concentrated stock solutions. If desired, samples can be pre- 
pared in duplicate in which case one sample (a reagent blank) 
omits treatment with biotin hydrazide. This sample would 
receive DMSO only, or alternatively the sample would receive 
biotin in lieu of biotin hydrazide. 

3. Incubate samples at 37°C with gentle agitation. The incu- 
bation time and temperature can be varied to accommodate 
specific experiments and must be determined empirically for 
each project. Typically 2-h incubation at 37°C is sufficient to 
ensure near complete labeling of protein carbonyls. 

4. After labeling samples can be stored at -80°C indefinitely. 
Samples are processed for immunoblotting using standard pro- 
tocols either with, or without reducing agents. Typically 50 juL 
of sample is mixed with 50 juL of SDS-PAGE loading dye. Sam- 
ples are boiled thoroughly and 20- uL aliquots are then loaded 
onto 4-20% gradient polyacrylamide gels. Samples are trans- 
ferred by electroblot onto polyvinylidene difluoride (PVDF) 
membranes. Samples containing biotin hydrazide are alternated 
with "blanks" omitting the biotin hydrazide as described earlier. 

5. Protein blots are developed as follows. The PVDF membrane 
is blocked overnight at 4°C in 4% fatty acid-free bovine serum 
albumin (BSA). Blots are incubated for 1 h at room tempera- 
ture with HRP-streptavidin diluted to 0.1 jug/mL in 4% BSA. 
Diluted HRP-streptavidin must be prepared fresh each day. 
Blots are rinsed thoroughly in wash buffer to remove excess 
unbound HRP-streptavidin. Blots are developed using any 
standard commercially available chemiluminescence reagents 
and visualized instrumentally or by exposure to photographic 
film. Figure 2 shows typical results from a biotin hydrazide 
blot of astrocyte cell lysate. In this experiment cells were cul- 
tured from SODl G93A modeling amyotrophic lateral sclerosis, 
or nontransgenic mice (9, 10). Cells were stimulated with 
recombinant tumor necrosis factor (TNFa) plus interferon 
gamma (IFNy) for 48 h and blotted for protein carbonyls 
using biotin- LC hydrazide as described earlier. 



4. Notes 



1. Hydrazides react rapidly with carbonyl groups to yield sta- 
ble hydrazone derivatives. This has allowed the develop- 
ment of various assays for monitoring carbohydrates after in 
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Fig. 2. Typical results obtained in an immunoblotting experiment using biotin hydrazide to visualize protein carbonyl 
groups in cell culture lysates. Primary glia from nontransgenic neonatal mice or mice carrying mutant superoxide dismutase 
(S0D1) genes were cultured as described elsewhere (9, 10). Cells were stimulated 48 h with 50 U/mL IFNy plus 40 
ng/mLTNFa, lysed in the presence or absence of biotin-LC-hydrazide (+ or - label as indicated), blotted onto a PVDF 
membrane and probed with streptavidin-conjugated horseradish peroxidase as described in the text. 



vitro oxidation, and more recently has allowed techniques for 
measuring low levels of protein carbonylation that occur in 
the course of oxidative stress-related events. Biotin hydrazide 
reagents with and without alkyl spacers have been utilized 
by our laboratory with some success. Biotin hydrazide labels 
protein carbonyl groups selectively. Using biotin-streptavidin 
affinity methods one can discern the biotinylated proteins with 
very low background signals that generally, in our experience, 
cannot be obtained using immunologically based assays such 
as the dinitrophenylhydrazine technique. 

2. The basic biotin labeling approach described in this article 
can be amended and adapted for specific uses. Currently we 
are investigating the utility of biotin labeling for qualitative 
determination of oxidized protein sequences by means of mass 
spectrometry. In general the biotin-labeling approach should 
be amenable to inclusion in any concentration or purification 
strategy that relies upon classical avidin: biotin interactions. 
Therefore, it is our hope that improvements to the biotin 
hydrazide method will accelerate research into oxidative stress - 
related pathologies across a broad range of disease states and 
experimental models. 
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"Rainbow" Western Blotting 

Stan (Stanislaw) Krajewski 



Summary 

The "Rainbow western" method permits detection of multiple antigens on a single protein blot. The 
procedure utilizes horseradish peroxidase (HRPase)- based detection with both a chemiluminescent and 
colorimetric substrate. In the "Rainbow western" procedure four different HRPase -colorimetric sub- 
strates that produce black, brown, red, and green colors are employed sequentially for detection and 
simultaneous display of four different antigens on the same blot. The Rainbow western methods have 
the potential to consolidate the work to analyze the expression levels of several proteins in studies of 
signaling pathways within biological samples. This technique could be particularly valuable for analysis 
of comigrating proteins, isoforms, and/or facilitating studies on phosphorylation, acetylation, and 
oligomerization of proteins tagged by the same epitope. 

Key words: Western blotting, Immunoblotting, Nonstripping quenching, ECL and colorimetric 



1. Introduction 



Western blotting, aka immunoblotting, is widely used to detect 
and compare the relative levels of particular proteins of interest 
in cells, tissue homogenates and extracts, serum, as well as other 
biological materials. Western blotting consists of four parts: (a) 
Extraction of proteins from biological samples, (b) separation of 
proteins by sodium dodecyl sulfate -polyacrylamide gel electro- 
phoresis (SDS-PAGE), (c) transfer of the electrophoretically separated 
proteins from the gel to a membrane by electroblotting, and (d) 
immunodetection of specific antigens immobilized on the mem- 
brane. Since several articles and recent reviews describe the first 
three steps (1-3) , we will focus on the step that we propose to 
modify - antigen immunodetection. 
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Protein blots are prepared using standard methods and nitro- 
cellulose (0.45 jura; Bio-Rad Labs, Hercules, CA) or polyvinyldif- 
luoridine (PVDF) membranes (4, 5). The proposed modification 
permits multiple antigens to be sequentially detected on a single 
blot as originally described by Krajewski et al. (6). The "Rainbow 
western" emphasizes colorimetric display of the results and allows 
four different antigens to be discriminated (Fig. 1A-C). To our 
knowledge, previous attempts to achieve multicolor detection in 
immunoblotting methods as well as current immunofluorescent 
methodology, including quantum dot tags, have not exceeded 
three colors to differentiate biomarkers on a single membrane 
(7-16) (Invitrogen Dychrome Western: http://probes.invitro- 
gen.com/lit/catalog/l/sections/3940.html). 
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Fig. 1. Examples of Rainbow western blots to assess the physiological content of Bcl2 family proteins in normal human 
tissues. (A) The sequential tagging of antibodies with different HRP substrates resulted in 3-4 colors specifically linked to 
each primary antibody. Experimentally established order of chromogen developments prevented color "overwriting" [(B) left, 
middle]. Changing the order led to color overwriting [(B) right, greenJUB color was turned into redby AEC reagent]. Panel C 
demonstrates strong immunoreactions for two proteins with similar molecular weight, Bcl2 and Bag-1 using Vector® SG and 
DAB chromogens. All human samples were loaded at 1 00 (ig total protein per lane. The cell culture lysates were normalized 
for protein content to apply 30-50 (ig per lane (see Color Plates). 
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The basis for the Rainbow western procedure lies in the obser- 
vation that colorimetric detection of HRPase- containing antigen- 
antibody complexes using either DAB, Vector® SG, or AEC renders 
these complexes incapable of participating in HRPase-based reac- 
tions during subsequent exposures to HRPase substrates. 

In our research, we developed a protocol for probing pro- 
tein blots with multiple independent primary antibodies, involv- 
ing both ECL- based detection and the colorimetric readout of 
the data (6). Specifically, we have tested and applied this method 
to investigate apoptosis proteins, such as Bcl-2 family members, 
thus providing examples of how this method can be applied for 
immunoblot analysis of multiple proteins on western blots. 



2. Materials 



2.1. Buffers, 
Immunoreagents, and 
Detection Systems 



1. Samples: Any type of cell and tissue lysates transferred into 
nitrocellulose or PVDF membranes according to standard 
western blotting protocol. 

2. W-I (western blot buffer-I; pH 7.8-8.2): 10 mM Tris Base, 
150 mM NaCl, 0.05-0.1% (v/v) Triton X-100 or Tween-20, 
and 5% skim milk, with 0.01% thimerosal. Mix 30 mL of 1 M 
Tris, 90 mL of 5 M NaCl, 3 mL of Tween-20 (add about 20 
juL extra), 150-g skim milk, and 900 juL of 10% thimerosal. 
Adjust the final pH to 7.8-8.2 by adding IN HCL or NaOH 
accordingly and make to a final volume of 3 L with double - 
distilled water (ddH 2 0). Distribute 40 -mL aliquots in 50-mL 
tubes -> store at -20°C. 

3. W-II (western blot buffer-II; pH 7.8-8.2): Mix 5 mL of 1 
M Tris Base, 15 mL of 5 M NaCl, 10 g of 2% (w/v) bovine 
serum albumin (BSA) fraction V, 250 juL of 10% thimerosal 
stock, and 800 juL of Tween-20 (add about 20 juL extra). 
Adjust final pH to 7.9-8.2 by adding IN HCL or NaOH 
accordingly. Add ddH 2 to a total volume of 500 mL. Distrib- 
ute 40-mL aliquots in 50-mL tubes store at -20°C. 

4. Sodium acetate buffer (SAB, 0.05 M, pH 5.5): Combine 150 
mL of 0.2 M glacial acetic acid (solution A) and 350 mL of 
0.2 M sodium acetate (solution B). Adjust the final pH to 5.5 
— » store at +4°C. Make up volume to 500 mL with ddH 2 0. 

(a) SolutionA(l L): 11.55 mLof0.2M acetic acid in 1,000-mL 
ddH 2 0. 

(b) Solution B (1 L): 0.2 M sodium acetate, 27.2 g in 1,000-mL 
ddH 2 0. 
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5. 0.1 M Tris Base (pH 8.2): Weigh 12.1-g Tris Base and dis- 
solve in less than 1,000-mL ddH 2 0. Adjust the final pH with 
HC1 to 8.2 -^ store at +4°C. Make up to 1 L with ddH 2 0. 

6. Modified PBS (pH 7.6) : Phosphate-buffer saline containing 120 
mM NaCl, 11.5 mM NaH 2 P0 4 , 30 mM I^HPO^ prepared 
fresh each week. Weigh 14.026-g NaCl, 2.76-g NaH2P0 4 , 
and 10.88-g K 2 HP0 4 and dissolve in about 1 L of ddH 2 0. 
Adjust final pH to 7.6 by adding IN HCL or NaOH accord- 
ingly. Make up to 2 L with ddH 2 0. 

7. Primary Antibodies: Any type could be applied. We standard- 
ized the detection methods primarily for rabbit and mouse 
antibodies. In these studies we employed rabbit polyclonal 
antisera generated against synthetic peptides corresponding 
to sequences in the human (h) Bcl-2, hBax, hBcl-X, hMcl-1, 
and hBak proteins, mouse (m) Bax, Bcl2, and BAG-1 proteins 
(17-21) , caspases 3, 6, 9 (22) as well as mouse monoclonal 
antibodies specific for hBAG-1 (IgGl) (23) and actin [JLA20; 
IgM (Oncogene Science, Inc., Cambridge, MA, USA)]. 

8. Secondary Antibodies: Biotinylated goat anti-rabbit Ig 
(No. BA-1000), horse anti-mouse IgG/H&L chains (No. 
BA-2000), and goat anti-mouse IgM (No. BA-2021), avidin- 
biotin complex (ABC) with horseradish peroxidase (HRPase; 
No. PK-6100) were purchased from Vector Labs, Inc. (Burl- 
ingame, CA, USA). HRPase-conjugated goat anti-rabbit IgG 
(No. 172-6515) and goat anti-mouse IgG (No. 170-6516) 
were purchased from Bio-Rad, Inc. (Richmond, CA, USA). 
HRPase-conjugated sheep anti-mouse IgM was obtained from 
Amersham, Inc. (Buckinghamshire, England, No. NA-931). 

9. ECL (enhanced chemiluminescence) and chromogenic sub- 
strates: The ECL western blotting detection reagent (Amer- 
sham, Inc., No. RPN2106) was prepared according to the 
manufacturer's instructions. The chromogenic HRPase 
substrate Vector® SG (No. SK-4700) was purchased from 
Vector Labs, Inc. The chromogen, 3,3'-diaminobenzidine 
(DAB: No. D-5637), 3-amino-9-ethylcarbasole (AEC: No. 
A-5754) was purchased from Sigma, Inc., St. Louis, MO, 
USA. Alternatively, DAB stock solution from DakoCytoma- 
tion, Inc. (Carpenteria, CA, USA; No. K3468) was used. 
The chromogen 3,3',5,5'-tetramethylbenzidene stabilized 
substrate for HRP (TMB) was purchased as a solution from 
Promega, Inc. (San Luis Obispo, CA, USA; No. W4121). 

10. DAB working solution: 

(a) DAB (3,3'-diaminobenzidine-tetrahydrochloride-dihid- 
rate; Sigma: No. D-5637): dissolve 15-30 min earlier at 
0.5 mg/mL in 0.1 M Tris Base (pH 8.2). Immediately 
before use, add 0.1 mL of 1% H 2 2 to 10 mL of DAB 
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solution followed by filtration through a 0.45 -urn filter 
directly on the membrane (Acrodisk; Millipore, Inc., 
USA). 1% H 2 2 ; 333 juL of 30% H 2 2 mixed with 9.7 
mL of ddH 2 0. 

(b) Alternatively, use DAB solution prepared from stock 
concentrate (DakoCytomation, No. K3468). Immedi- 
ately before use dilute 1:10 (one drop in 10 mL of man- 
ufacturer activating buffer). In place of manufacturer's 
buffer, 10 mL of 0.1 M Tris Base, pH 8.2 buffer and 
activate by adding 35 juL of 30% H 2 2 may be used. 
After use, DAB should be collected in the appropriately 
labeled biohazard waste containers. 

11. Vector® SG working solution (chromogenic substrate; Vector 
Lab; No. SK-4700): Dissolve five drops of each component in 
20 -mL PBS as described by the manufacturer. Add Vector® SG 
mix to membranes, and shake by hand at RT for 10-15 min. 

12. AEC (3-amino-9-ethylcarbasole) is first dissolved at 25 mg/ 
mL in N, N- dimethyl formamide and then added to 50 mL 
of SAB (0.05 M; pH 5.5) and filtered through Whatmann 
3MM paper. Immediately before use, 150 juL of 30% H 2 2 
is added to 50 mL of the AEC -containing solution. 

13. TMB (3,3',5,5'-tetramethyl-benzidine; Promega, Inc., No. 
W4121) is provided as a ready to use solution. 

14. ECL-II-Rb-HRP: HRPase- conjugated goat anti-rabbit IgG 
(Biorad, No. 172-6515). Dilute ECL-II-Rb-HRP ( 1:5,000) 
and NGS (1:2,000) v/v in W-II buffer. Freeze and store at 
-20°C after use. This solution, along with those described in 
steps 11-13 can be reused up to five times. 

15. ECL-II-M-HRP: HRP-goat anti-mouse IgG (H&L; Bio- 
rad, No. 170-6516). Dilute 1:5,000 with 1:2,000 NGS v/v 
in W-II buffer. Freeze and store at -20°C after use. 

16. Col-II-Rb-Biot [Vector No. BA-1000; biotinylated goat anti- 
rabbit IgG (H + L)]: Dilute 1:5,000-8,000 with 1:2,000 NGS 
v/v in W-II buffer. Freeze and store at -20°C after use. 

17. Col-II-M-Biot (Vector No. BA-2000; biotinylated horse anti- 
mouse IgG, and Vector No. BA-2021; goat anti-mouse IgM). 
Dilute each reagent 1:5,000-8,000 and equine normal serum 
(EquN) or NGS 1:2,000 v/v, respectively, in W-II buffer. 
Freeze and store at -20° C after use. 

1 8 . A-B complex working solution ( AB C Vector- Elite HRPase Kit, 
No. PK-6100): Prepare in advance at least 15-30 min before 
use to allow A-B complexes to form and stabilize. Using ABC 
Vector- Elite Kit, take 1 drop from vial A and 1 drop from vial B 
for each 5 mL of 0.1 M Tris Base; shake well by hand, apply to 
membrane, and incubate for 10 but no longer than 15 min. 
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3. Methods 



3.1. Day 1 

3.1.1. Transfer and 
Membrane Blocking 



3.2. Day 2 

3.2. 1. Washing and 
Developing Procedure 



1 . After routine blotting/transfer, submerge the membranes at RT 
for 30 min in W-I standard western blocking buffer containing 
skim milk and NGS 1:500 V/V (see Note 1). 

2. Without an intervening washing step, proceed with rabbit 
primary antibody incubation in W-l, ON at RT. Add normal 
goat serum (NGS) 1:5,000 v/v to the working antibody buffer 
if the antibody is a full serum. The preblocking and primary 
antibody solutions can be saved and reused (see Note 2). 

1. Decant the primary antibody solution and save for later use. 

2. Rinse the blot briefly in PBS and then wash three times for 
10 min each with >0.5 mL/cm 2 of PBS. 

3. Incubate 15 min with secondary biotinylated antibody anti- 
rabbit IgG (H + L) [Vector Lab, Catolog # BA-1000) diluted 
1:5,000 with addition of 1:2,000 v/v NGS in W-II buffer. 

4. Rinse the blot briefly in PBS and then wash two times for 10 
min each with >0.5 mL/cm 2 of PBS. 

5. Prepare the ABC-HRP complex 0.5-1 h in advance. For each 
5 mL of 0.1 M Tris add 2 drops from vials A and B of the 
Vector-Elite Kit (No. PK-6100) and shake well. 

6 . Incubate the washed membrane in .2 5-0 . 5 mL/cm 2 HRPase- 
ABC solution for 20 min. After regular washing in PBS, pro- 
ceed with the routine ECL development (6). After successful 
luminogram generation, develop colorimetric products as 
follows. 

7. Four-color blot development is accomplished by developing the 
first primary antibody with Vector® SG substrate using an acetate 
buffer (pH 5.5) instead of PBS, which generates a black-colored 
reaction product (see Note 3). Discard the substrate solution 
and rinse the blot in tap H 2 to stop the reaction. 

8 . Photograph the wet blot under good lighting using a verti- 
cally mounted camera. 

9. Wash the membrane two times for 5 min each in PBS and 
reblock for 15-20 min using saved "preblocking" solution 
described earlier, followed by repetition of the steps 1-5 for 
the next primary rabbit antibody. 

10. Perform routine ECL development and then develop the 
blot using DAB, which generates a brown-colored product 
(see Note 4). Place the blot in a clean container and cover 
with H 2 2 /DAB solution for 10 min, when DAB solution 
is self-prepared or 3-5 min when commercial DAB stock 
from DakoCytomation is used. Stop the reactions by rinsing 
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in tap H 2 0, photograph the blot while wet, and transfer the 
blot to PBS. 

1 1 . For the third antibody, reblock the membrane, incubate with 
the next primary antibody ON, and perform ECL as described 
earlier. Then, develop the blot with AEC, which generates a 
brick-red color. Transfer the blot to a fresh tray, cover the 
blot with SAB (pH 5.5), and incubate for 10 min. Decant the 
acetate buffer and submerge the blot in H 2 2 /AEC solution 
for ~ 10-20 min (see Note 5). Rinse in tap H 2 to stop reac- 
tion and photograph. Before transferring to PBS, wash the 
blot once for 5 min in acetate buffer to retain red color. 

12. Reblock the blot, incubate with the fourth primary antibody 
ON, and perform ECL development as described earlier, fol- 
lowed by three washes in dH 2 0. Transfer the blot facedown 
to a fresh container, cover with TMB solution, and incubate 
for 1-3 min. Photographs can be taken at various times dur- 
ing development with TMB (see Note 6). 

13. Stop the reaction with dH 2 and photograph wet. Air-dry the 
blot and store in plastic wrap. Do not transfer to PBS because 
the TMB reaction product (green) will fade. Rewet the blot 
in water, if additional photographs are desired. Note that the 
TMB product is unstable and will fade with time (see Note 7). 

14. You may end here or proceed to the multiple antibody detec- 
tion (MAD) method for further sequential multi- antibody 
developments. To do the latter, first execute points in Sub- 
heading 3.1.2 of the MAD protocol with DAB quenching 
(see Note 7 and Chapter "Multiple Antigen Detection West- 
ern Blotting"). 



4. Notes 



1 . All incubation steps described here are performed with gentle 
agitation on a rotating or rocking platform shaker at RT. The 
preblocking and antibody working solution can be stored at 
-20°C and reused typically ~5 times. 

2 . Nonimmune serum from the host species in which the second- 
ary antibody was raised, e.g., NGS saturates the membrane 
and assures that additional nonspecific binding of goat IgG 
will not take place when incubated with any ECL-II-Rb-HRP 
and ECL-II-M-HRP (made in goat). To obtain better results 
for your primary antibody, perform 2-3 h or overnight incu- 
bation at RT rather than at 4°C, adding the antibacterial 
agent thimerosal to the working antibody buffer. 
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3. We have successfully used Vector® SG in SAB, modified PBS, 
or Tris- based buffers. It works well in every environment 
regardless of the pH values. 

4. DAB is a recognized carcinogen (24, 25) and precautions should 
be taken when handling it. Use gloves and collect the used DAB 
as biohazard waste for proper disposal. Do not pour the DAB 
solution down the drain to avoid water contamination. 

5 . For AEC development, it is important to monitor the progress 
of the colorimetric reaction since when overdeveloped the 
color will be closer to brown than red and therefore difficult 
to distinguish from DAB. The blot can be briefly removed 
from AEC solution and photographed a few times during the 
course of developing if desired. 

6. The order of chromogen application (Vector® SG^> DAB — > AEC 
—> TMB) is critical for optimal results (see Fig. 1A, B). Dispense 
three drops of Vector® SG substrate into 15-mL acetate buffer 
and mix well. Add three drops H 2 2 (0.5%) from the kit and mix. 
Place the blot into a clean container, cover with the substrate 
solution, and incubate for 15-20 min. Note that we have modi- 
fied the procedure for this application, using an acetate solution 
(pH 5.5) instead of the citrate buffer (pH 6.0) recommended by 
the manufacturer. The acetate buffer reduces background and 
consistently generates a more stable, intense, and black reaction 
product compared with the citrate buffer, which yields a blue- 
gray stain. 

7. AEC and TMB are weakly saturating chromogens, whose pre- 
cipitates could be washed out during lengthy procedure. Unlike 
Vector® SG and DAB, the AEC and TMB chromogens do not 
completely block the activity of HRPase in antigen-antibody 
complexes on blots, and thus these HRPase substrates are not 
suitable for simultaneous ECL- based multidetections. This will 
cause the reappearance of the ECL signal for primary antibodies 
for which these chromogens were used. Additional treatment 
with DAB or Vector® SG will secure the permanent "sealing" 
and saturation of epitopes after AEC or TMB use, particularly 
if proceeding further with multiple antigen detection (MAD) 
method (see "Multiple Antigen Detection" Western Boltting. 
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Chapter 48 



Multiple Antigen Detection Western Blotting 

Stan Krajewski, Xianshu Huang, and Maryla Krajewska 



Summary 

A variation of ECL immunodetection method permits sequential detection of multiple antigens (MAD) 
on a single protein blot without stripping previously bound antibodies. Because antibody stripping is 
not involved, immobilized proteins are not lost from the membrane, which permits multiple sequential 
reprobings of the same membrane with different primary antibodies (>12) and retention of strong signal 
intensities for all antibody probings. This procedure utilizes horseradish peroxidase (HRPase)- based 
detection with both chemiluminescent and colorimetric substrates. Initial incubation of the blot with 
secondary antibody followed by colorimetric development prior to probing the blot with primary anti- 
bodies markedly reduces background intensities in ECL-based detection procedures and permits sequential 
use of antibodies derived from a single species. By allowing large amounts of data to be obtained from 
a single blot, MAD immunoblotting has the potential to markedly streamline the work required to 
compare the expression levels of several proteins within biological samples. This technique could be par- 
ticularly valuable for analyzing cellular populations that are difficult to isolate in large numbers or clinical 
specimens where the amount of protein samples is limited or available on a one-time basis. 

Key words: Western blotting, Immunoblotting, Nonstripping quenching, Multiple antigen detection, ECL 



1. Introduction 



In our research, we developed a protocol for probing protein 
blots with multiple independent primary antibodies that involves 
ECL-based detection and colorimetric quenching. The proposed 
modification permits measurement of 12 or more antigens to be 
sequentially detected on a single blot (Fig. 1A-J). This method 
does not require removal of antibodies from filters between cycles 
of reprobing (1, 2), thus avoiding loss of immobilized proteins 
from blots upon successive rounds of antigen detection. 
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Fig. 1. Panels (A-C) show the colorimetric (DAB/ Vector® SG) background reducing procedure for antibodies raised to 
apoptotic proteins Livin [panel (A); first ECL probing) and NIDD [panel (B); second probing]. The blot contains a variety 
of human cancer cell lines and recombinant protein positive controls. Panel (C) demonstrates the abundance of the 
cross-reacting lanes after chromatographic development. Panels (D-J) depict results obtained from a single membrane 
sequentially probed with 11 antibodies in an experiment with isolated trypsin-treated rat heart mitochondria. Selected 
blots are shown for antibodies specific to the following proteins: caspase-9 (1st probing), Bcl-X L (3rd probing), active 
caspase-6 (4th probing), proform and active caspase-3 (5th), mouse Bcl-2 (8th), cytochrome c (1 Oth) and HSP60 (11th). 
The results indicate early digestion of Bcl-X L , release and activation of caspases with late changes in Bcl2 levels in 
mitochondrial membranes (see Color Plates). 



A helpful step in the MAD immunoblotting procedure to 
minimize unspecific background is to first incubate the blot with 
secondary antibody alone (or in conjunction with preimmune 
serum or/and a negative control monoclonal antibody) and 
develop the membranes with DAB or SG, before probing the blot 
with the primary antibodies of interest. This secondary antibody 
pretreatment can markedly reduce background in ECL- based 
detection procedures (Fig. 1A-C). The color development 
step not only provides independent confirmation of the ECL 
results, but also prevents the antibodies on the blots from reacting in 
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subsequent reprobings with secondary antibodies, which elimi- 
nates the need for stripping. The striking effect that this secondary 
antibody treatment step has on reducing unspecific background 
suggests that this approach could also be used in experiments 
where immunoprecipitations are performed and the resulting antigen- 
antibody complexes are subjected to SDS-PAGE/immunoblotting 
analysis. 

Unlike other approaches to detect two and no more than 
three antigens on a single blot (3-5) , the MAD immunoblotting 
method does not depend on the use of primary antibodies derived 
from different species, nor does it require that different enzymatic 
methods of detection such as HRPase in combination with alkaline 
phosphatase be employed. Instead, our method permits sequen- 
tial use of antibodies derived from a single species and relies on a 
single enzymatic reporter (HRPase) for ECL- based detection. 



2. Materials 



2.1. Buffers, 
Immunoreagents, and 
Detection Systems 



1. Samples: Any type of cell and tissue lysates transferred into 
nitrocellulose or PVDF membranes according to standard 
western blotting protocol. 

2. W-I (western blot buffer-I; pH 7.8-8.2): 10 mM Tris Base, 150 
mM NaCl, 0.05-0.1% (v/v) Triton X-100 or Tween-20, and 5% 
skim milk, with 0.01% thimerosal. Mix 30 mL of 1 M Tris, 90 mL 
of 5 M NaCl, 3 mL of Tween-20 (add about 20 juL extra), 150-g 
skim milk, and 900 uL of 10% thimerosal. Adjust the final pH to 
7.8-8.2 by adding IN HCL or NaOH accordingly and make to a 
final volume of 3 L with double-distilled water (ddH 2 0). Distrib- 
ute 40 -mL aliquots in 50-mL tubes — » store at -20°C. 

3. W-II (western blot buffer-II; pH 7.8-8.2): Mix 5 mL of 1 M 
Tris Base, 15 mL of 5 M NaCl, 10 g of 2% (w/v) bovine serum 
albumin (BSA) fraction V, 250 juL of 10% thimerosal stock, 
and 800 juL of Tween-20 (add about 20 juL extra). Adjust the 
final pH to 7.9-8.2 by adding IN HCL or NaOH accordingly. 
Add ddH 2 to a total volume of 500 mL. Distribute 40 -mL 
aliquots in 50-mL tubes — » store at -20°C. 

4. Tris (1 M): 60.6 g in 500-mL ddH 2 0. 

5. NaCl (5 M): 146.1 g in 500-mL ddH 2 0. 

6. Modified PBS (pH 7.6) : Phosphate -buffer saline containing 120 
mM NaCl, 11.5 mM NaH 2 P0 4 , 30 mM I^HPO^ prepared 
fresh each week. Weigh 14.026-g NaCl, 2.76-g NaH2P0 4 , and 
10.88-g K.HPC^ and dissolve in about 1 L of ddH 2 0. Adjust 
the final pH to 7.6 by adding IN HCL or NaOH accordingly. 
Make up to 2 L with ddH 2 0. 
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7. 0.1 M Tris Base (pH 8.2): Weigh 12.1-g Tris Base and dis- 
solve in less than 1,000-mL ddH 2 0. Adjust the final pH with 
HC1 to 8.2 -^ store at +4°C. Make up to 1 L with ddH 2 0. 

8. Tris-HCl-glycine buffer: 25 mM Tris-HCl (pH 8.3), 192 mM 
glycine, 20% methanol, and 0.01% sodium dodecyl sulfate. 

9. Primary antibodies: Any type of antibody could be applied. 
We standardized the detection methods primarily for rabbit 
and mouse antibodies. In these studies we employed rabbit 
polyclonal antisera generated against synthetic peptides cor- 
responding to sequences in the apoptotic protein Livin and 
NIDD, mouse (m) Bcl2, mBax, Bcl-X, and BAG-1 proteins 
(6-10) , caspases 3, 6, 9 (11) as well as mouse monoclonal 
antibodies specific for actin [JLA20; IgM (Oncogene Science, 
Inc., Cambridge, MA)] and cytochrome £, HSP60 MAB 
(Stressgen, Inc., Ann Arbor, MI, USA). 

10. Secondary antibodies: HRPase-conjugated goat anti-rabbit 
IgG (No. 172-6515) and goat anti-mouse IgG (No. 170- 
6516) were from Bio-Rad, Inc. (Richmond, CA). HRPase- 
conjugated sheep anti-mouse IgM was obtained from 
Amersham, Inc. (Buckinghamshire, England, No. NA-931). 

11. ECL (enhanced chemiluminescence) and chromogenic sub- 
strates: The ECL western blotting detection reagent (Amer- 
sham, Inc., No. RPN2106) was prepared according to the 
manufacturer's instructions. The chromogenic HRPase sub- 
strate Vector® SG (No. SK-4700) was purchased from Vector 
Labs, Inc., and, 3,3'-diaminobenzidine (DAB) chromogen 
stock solution was purchased from DakoCytomation, Inc. 
(Carpenteria, CA, USA, No. K3468). 

12. DAB working solution: 3,3'-diaminobenzidine-tetrahydro- 
chloride-dihydrate (DAB) working solution is prepared from 
stock concentrate (DakoCytomation, No. K3468). Immedi- 
ately before use dilute 1:10 (one drop in 10 mL of manu- 
facturer's activating buffer). DAB is a recognized carcinogen 
(12, 13) and precautions should be taken when handling this 
compound. Use gloves and collect the used DAB as biohaz- 
ard waste for proper disposal. Do not pour the DAB solu- 
tion down the drain to avoid water contamination. 

1 3 . Vector® S G working solution ( chromogenic substrate ; Vector 
Lab, No. SK-4700): Dissolve five drops of each component 
in 20 mL of modified PBS as described by the manufacturer. 
Add Vector® SG mix to membranes; shake by hand at RT for 
10-15 min. 

14. ECL-II-Rb-HRP: HRPase-conjugated goat anti-rabbit 
IgG (Biorad, No. No. 172-6515): Dilute ECL-II-Rb-HRP 
(1:5,000) and NGS (1:2,000) v/v in W-II buffer. Freeze 
and store at -20°C after use. It can be reused up to five 
times. 
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15. ECL-II-M-HRP: HRP-goat anti-mouse IgG (H&L; Bio- 
rad, No. 170-6516): Dilute 1:5,000 with 1:2,000 NGS v/v 
in W-II buffer. Freeze and store at -20°C after use. It can be 
reused up to five times. 

16. X-ray film (Eastman-Kodak, Inc., XOMAT-AR). 



3. Methods 



3.1. Day 1 

3.1.1. Transfer and 
Membrane Blocking 



3. 1.2. Preimmune Blocking 
and Universal Quenching of 
Secondary Cross-Reactions 
for Mouse (MABs) and 
Rabbit (PABs) Detection 
Systems (see Note 2) 



3. 1.3. First Colorimetric 
Quenching (DAB) 



3.2. Day 2 

3.2. 1. Washing and 
Developing Procedure 



1 . After completing protein transfer to the membranes in Tris- 
HCl-glycine buffer, place the membranes in a Tupperware 
container with PBS. 

2. Wash the membranes for 5 min in PBS (>0.5 mL/cm 2 blot) 
(see Note 1). 

3. Decant PBS and cover the nitrocellulose/PVDF membranes 
with western blocking solution W-l (~0.25-0.5 mL/cm 2 
membrane blocking solution). Incubate for 15 min. 

1. Prepare universal preimmunoblocking solution containing 
normal/or preimmune serum from rabbit (NRbS) and mouse 
(NMS) at 1:8,000 dilution in W-l. Incubate the membranes 
for 20 min at room temperature (RT). 

2 . Decant off blocking solution and save (see Note 3 ) . Wash for 
5 min in PBS. 

3. Apply a mixture of secondary antibodies, e.g., HRPase- 
conjugated goat anti-rabbit IgG (ECL-II-Rb) and goat anti- 
mouse IgG (ECL-II-M) diluted 1:5,000 v/v in W-II for 30 
min at RT. Decant and save the reagents. Wash for 5 min in 
PBS (see Note 4). 

1. Place the membranes facedown in DAB working solution 
and incubate for 3-5 min. Transfer the used DAB solution 
into the biohazard waste container (see Note 5). Stop the 
reaction in two changes of tap water, followed by PBS rinse 
for 5 min at RT. The membrane is now ready for the first 
primary antibody incubation. 

2. Incubate the membranes at RT overnight (ON) with the 
first primary antibody at the working dilution in W- 1 buffer. 
Add normal goat serum (NGS) 1:5,000 v/v to the buffer if 
the antibody is a full serum (see Note 6). 

1 . Decant the primary antibody solution and save for subsequent 

use (^Note 7). 

2. Rinse the blot briefly in PBS and wash three times for 10 min 
each in >0.5 mL/cm 2 PBS. 
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3.2.2. Second Colorimetric 
Quenching (Vector® SG) 



3.3. Next Day(s) 



3. Incubate with appropriate secondary antibody conjugated to 
horseradish peroxidase (ECL-II-Rb-HRP or ECL-II-M-HRP) 
for 30 min at RT. 

4. Decant the secondary antibody solution and save at -20°C 
(see Note 4). Rinse the blots once (PBS) and wash three times 
for 10 min each with >0.5 mL/cm 2 of PBS. 

5 . Detect secondary antibody using a chemiluminescent substrate 
reagent (Amersham, Inc.) with exposure to X-ray film according to 
the manufacturer's instructions. Exposure times vary widely, 
from a few seconds to 1 min. We typically develop after 15-30 
s initially and then adjust exposure time based on this result. 
After completion the original membrane is returned to a tray 
with PBS. 

6. Quantitate luminograms using any type of laser scanning 
densitometer or analyze scanned images of blots with the 
Image-Pro plus 4.1 program (Media Cybernetics LP, Silver 
Spring, MD, USA). 

1. Add 0.25 mL/cm 2 activated Vector® SG (Vector Laboratories, 
Cat. # SK-4700) chromogenic substrate (seeNote 9). To prepare 
the Vector® SG substrate, dispense five drops of Vector® SG 
substrate into 20-mL PBS, mix well, and then add five drops of 
Vector- H 2 2 (0.5%) substrate reagent and mix again. Incubate 
for 10 min (see Notes 5 and 8). 

2. Discard substrate solution and rinse the blot in tap H 2 to 
stop reaction. 

3. Transfer the membrane to a clean container and submerge in 
PBS. Rinse and wash the blot twice for 5 min each in PBS, 
and then (optional) preblock and rejuvenate the membrane 
by soaking for 1 5 min in W- 1 to prepare for the next cycle of 
antibody probing. 

1. Perform steps under Subheading 3.1 once. To continue 
with development of multiple primary antibodies repeat steps 
under Subheading 3.2 for each antibody. Proceed with the 
second primary antibody ON incubation (see Note 7). 

2. If time does not permit additional probings, membranes may 
be stored in PBS + thimerosal (1-2 jug /mL of 10% stock) at 
4°C up to 1 month. 

3. When the experiment can be resumed, wash the membrane in 
fresh PBS and start again following steps described earlier in 
Subheading 3.2. 

4. For troubleshooting advice, e.g., no results, blank luminogram, 
or glowing membrane, see Note 9. 
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4. Notes 



1 . All incubation steps described here are performed with gentle 
agitation on a rotating or rocking platform shaker at RT. 

2. All HRP- conjugated secondary antibodies used for detection 
in a variety of systems (ECL, ABC, polymers, etc.) display 0.5- 
5% cross -reactivity with serum proteins (mainly albumins and 
IgGs H&L chains) of multiple species, which can result in sec- 
ondary unspecific bands. The proposed procedure eradicates 
this problem. 

3. Universal preimmunoblocking solution can be saved, stored 
at -20°C, and reused approximately five times. 

4. This protocol is optimized for rabbit/mouse detection systems. 
Best results were obtained using the following secondary anti- 
bodies: (a) goat anti-rabbit IgG (H&L) HRP conjugated; Bio- 
rad, cat. # 172-6515 and (b) goat anti-mouse IgG (H&L; HRP 
conjugated); Biorad, cat. # 170-6516 (ECL-II-Rb-HRP and 
ECL-II-M-HRP) . All secondary antisera were used at a stand- 
ard 1:5,000 v/v (~0.2 jug/mL) in the W-II western buffer. 
Adjust this step accordingly if your experiment utilizes primary 
antibodies raised in the same species. The working mixture of 
ECL-II-Rb-HRP and ECL-II-M-HRP can be saved, stored 
at -20°C, and reused approximately five times. For the MAD 
immunoblotting procedure, either secondary antibodies directly 
conjugated with HRPase or biotinylated secondary antibodies 
in combination with HRPase -containing avidin-biotin complex 
(ABC) reagents can be employed. In many cases, however, the 
ECL signals generated with the ABC approach are too strong, 
presumably because of the extreme sensitivity of ECL and the 
signal amplification that occurs with the ABC procedure. For 
this reason, the MAD immunblotting methodology was opti- 
mized for directly HRP-conjugated secondary antibodies. 

5. DAB seems to provide more complete blocking than Vector® 
SG. For this reason, we typically use DAB when performing the 
universal preblocking procedure where the blots are incubated 
initially with secondary antibody alone (after preimmune serum 
or other suitable negative control antibody reagents), and then 
use Vector® SG for all subsequent incubations and quenching 
steps with all other primary antibodies of interest. The Vec- 
tor® SG substrate is preferable to DAB for blocking subsequent 
immunoreactivity of antigen-antibody complexes on blots, in 
terms of the number of sequential reprobings of the blot that 
are attainable. With DAB, fewer reprobings are generally 
possible, implying that repeated DAB -based stainings are some- 
how detrimental to either the antigenicity or retention of pro- 
teins immobilized on nitrocellulose. With Vector® SG, however, 
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there is sometimes (but not routinely) some residual reactivity 
that appears during the next round of antibody probing. 

6. Nonimmune serum from the host species in which the secondary 
antibody was raised; e.g., NGS saturates membrane and assures 
that no more unspecific binding of goat IgG will take place 
when incubated with any ECL-II-Rb-HRP and ECL-II-M-HRP 
(made in goat). To obtain better results for your primary anti- 
body perform 2-3 h or overnight incubation at RT rather than 
at 4°C, adding the antibacterial agent thimerosal to the working 
antibody buffer. 

7. The antibody working solution can be stored at -20°C and 
reused typically approximately five times. 

8. We have successfully used Vector® SG in SAB, modified PBS, 
or Tris- based buffers. It works well in every environment 
regardless of the pH values. 

9. MAD troubleshooting: (a) Blank luminogram - Cause: Inac- 
tive secondary antibody; Solution: replace and repeat incuba- 
tion with a fresh reagent. Cause: Container(s) contaminated 
with Vector® SG; Solution: clean container with 5% bleach and 
repeat incubation with secondary antibody in a clean container. 
Devote a designated container for DAB/Vector® SG devel- 
opments, (b) The entire membrane is glowing during ECL 
recording - Cause: Excessively long incubation with a sec- 
ondary antibody; primary antibody concentration is too high; 
bacterial growth in primary antibody solution (acidification of 
the membrane). Solution: half-a-day wash of the membranes 
in fresh PBS buffer, followed by 45-min soaking in W-l buffer 
and ECL development on the same day. Alternatively, dilute 
the primary antibody and repeat ON incubation. 
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Detection of Calcium Binding by Ro 60 Multiple Antigenic 
Peptides on PVDF Membrane Using Quin-2 

Biji T. Kurien and Michael Bachmann 



Summary 

Systemic lupus erythematosus is associated with the production of antibodies to self- constituents, 
particularly those that target certain specific ribonucleoprotein (RNP) particles. Among these is the Ro 
RNP particle, composed of a 60,000 molecular weight protein (Ro 60 or SS-A) that is noncovalently associ- 
ated with at least one of four short uridine -rich RNAs (the hY RNAs). Our earlier work demonstrated that 
multiple antigenic peptides (MAPs) constructed from the sequence of the Ro 60 autoantigen could be 
used, using double immunodiffusion studies, enzyme-linked immunosorbant assay, affinity chromatog- 
raphy, and surface plasmon resonance (SPR), to show intramolecular and intermolecular protein-protein 
interaction within the Ro 60 RNP particle. We also found that calcium is important in mediating this 
interaction. We hypothesized, therefore, that the Ro 60 antigen is a calcium binding protein. To investigate 
this we used Ro 60 MAPs and assayed calcium binding using the Quin-2 system. Several Ro 60 MAPs were 
found to bind calcium using this assay, as well as bovine serum albumin, another calcium binding protein. 
However, a MAP constructed from the Sm autoantigen did not bind to calcium. These data, along with 
our observation regarding the involvement of calcium in the protein-protein interaction occurring between 
Ro 60 antigen and Ro 60 MAPs, make us propose that the Ro 60 antigen is a calcium binding protein. 

Key words: Quin-2, Calcium binding, Multiple antigenic peptides, Ro ribonucleoprotein, Systemic 
lupus erythematosus 



1. Introduction 



Protein-protein interactions between various structural proteins 
are very important in maintaining the structural and functional 
integrity of the cell. In addition, molecular recognition is a vital 
component in almost all biochemical processes, many of which 
involve protein-protein interaction. The association between 

Biji T. Kurien and R. Hal Scofield (eds.), Methods in Molecular Biology, Protein Blotting and Detection, vol. 536 
© Humana Press, a part of Springer Science + Business Media, LLC 2009 
DOI : 1 0. 1 007/978-1 -59745-542-8_49 

483 



484 



Kurien and Bachmann 



antigens and antibodies (1) is a classic example of protein-protein 
interaction. Interactions among proteins producing the phenomena 
of muscle contraction, blood clotting, signal transduction, or 
complement fixation reveal the importance of such interactions. 

Systemic lupus erythematosus (SLE) is a chronic autoimmune 
disease with autoantibodies as a near universal feature of the disease. 
The Ro ribonucleoprotein (RNP) particle composed of a 60,000 
molecular weight protein is noncovalently associated with one of 
four short uridine-rich human cytoplasmic RNA (hYRNA). This 
antigen is the target of antibodies in up to 40% of lupus patients as 
well as most patients with Sjogren's syndrome and subacute cutane- 
ous lupus, and mothers of infants with congenital lupus. Anti-Ro 60 
is associated with several clinical features of SLE, including the pres- 
ence of anti-La, which is rarely if ever found without anti-Ro (2, 3). 

Recently we showed, using multiple antigenic peptides 
(MAPs) constructed from the Ro 60 sequence, localized protein- 
protein interaction occurring within the Ro 60 molecule (4). 
We also showed that Ro and La interact with each other through 
protein-protein interaction (4). It was observed that the interac- 
tion was mediated through calcium ions (5), and therefore we 
hypothesized that the Ro 60 antigen may be a metalloprotein. 

The interaction of calcium with proteins on a membrane 
support (following transfer to membrane from SDS polyacryla- 
mide gel) has been most commonly detected using 45 Ca autora- 
diography (6). However, this assay takes over a week for enough 
exposure to X-ray film and requires handling of radioisotopes with 
its concomitant hazards of radiation exposure. We have used the 
fluorescent dye Quin-2 for detecting calcium binding to Ro 60 
MAPs and as seen in Fig. 1 several Ro 60 MAPs were found to 
bind. On the basis of these results and our observation that calcium 
mediates protein-protein interaction within the Ro RNP particle, 
we propose that Ro 60 is a calcium binding protein. 
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Fig. 1. Binding of calcium ions by Ro 60 MAPs. Each MAP (5 jug) was analyzed on SDS PAGE and transferred to PVDF 
membrane. Calcium binding was determined using the fluorophore Quin-2. High-range molecular weight (HMW) markers 
are shown in lane 1 of each figure. Bovine serum albumin (calcium binding protein) (lane 1) fluoresces following binding 
Quin-2 on the blot (reproduced from (^ with permission from Elsevier). 
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2. Materials 



Prepare all solutions using ultrapure water (prepared by purifying 
deionized water, to attain a sensitivity of 18 MQ cm at 25°C) 
and analytical grade reagents. Prepare and store all reagents at 
room temperature (unless indicated otherwise). Diligently follow 
all waste disposal regulations when disposing waste materials. We 
do not add sodium azide to our reagents. 

1. Ro 60 MAPs: Twenty-one Ro 60 MAPs were synthesized 
from the sequence of the Ro 60 autoantigen (7, 8) (Molecu- 
lar Biology Resource Facility, University of Oklahoma Health 
Sciences Center, Oklahoma City, OK, USA) by a manual 
stepwise solid phase procedure (see Note 1). An unrelated 
MAP with the sequence PPPGRRPP from the Sm autoanti- 
gen (9) was also synthesized (see Table 1). 

2. Quin-2(Tetrapotassiumsalt(2-{ [2-bis(Carboxymethyl)amino- 
5 - me thylphenoxy ] methyl } - 6 - methoxy- 8 - bis ( car boxyme thyl ) 
aminoquinoline, potassium) (Calbiochem, San Diego, CA, 

USA). 

3. High and low molecular weight protein standards (BRL Life 
Technologies, Bethesda, MD, USA). 

4. Polyvinylidene difluoride membrane (Millipore, Bedford, 

MA, USA). 

5. 10 mM imidazole buffer (pH 6.8) containing 60 mM potas- 
sium chloride and 5 mM magnesium chloride. 

6. 1 mM calcium chloride (see Note 2). 

7. 0.05% Coomassie Brilliant Blue (see Note 3). 

8. Whatman 3MM paper. 

9. Transfer buffer: 0.025 M Tris, 0.192 M glycine, 20% meth- 
anol. 

10. Western blot transfer apparatus: Mini Trans-Blot apparatus 
(Bio-Rad, Hercules, CA, USA). 

11. 20%ethanol. 

12. Photodyne UV Transilluminator. 

13. Polaroid camera. 

14. Polaroid film, Type 57 or 55. 

15. Red filter. 

16. Shaker. 

17. Coomassie Brilliant Blue: 0.05% in 25% methanol, 10% acetic 
acid. 

18. Destaining solution: 25% methanol, 10% acetic acid. 
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Table 1 

The sequences, amino acid position, and the molecular weight (as measured by 
mass spectrometry) of the different Ro 60 multiple antigenic peptides constructed 
from the sequence of the Ro 60 protein 

Amino acid sequence of 60 kD 

Ro MAPs used Location on the Ro protein Mol. Wt. by mass spectrometry (in kD) 



l.TYYIKEQKLGL 


45-55 


11.69 


2. SQEGRTTKQ 


81-89 


9.12 


3. STKQAAFKAV 


106-115 


9.25 


4. TFIQFKKDLKES 


126-137 


12.7 


5. MKCGMWGRA 


139-147 


9.2 


6. MWGRALRKAIA 


143-153 


11.02 


7. LAVTKYKQRNGWSHK 


166-180 


15.37 


8. LRLSHLKPS 


183-191 


9.25 


9. VTKYITKGWKEVH 


198-210 


13.55 


10. LYKEKALS 


212-219 


8.45 


ll.TEKLLKYL 


222-229 


8.9 


12. EAVEKVKRTKDELE 


230-243 


14.23 


13. HLLTNHLKSKEVWKAL 


257-272 


16.18 


14. ALLRNLGKMTA 


280-290 


10.34 


15. NEKLLKKARIHPFH 


310-323 


14.69 


16. YKTGHGLRGKLKWRP 


331-345 


15.22 


17. AAFYKTFKTV 


355-364 


10.25 


18. VEPTGKRFL 


364-372 


9.21 


19. MWTRTEKDSY 


401-411 


11.4 


20. LPMIWAQKTNTP 


449-460 


12.04 


21. ALREYRKKMDIPAK 


482-495 


14.59 


22. PPPGRRPP 


Sm 


7.63 
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3. Methods 



3. 1. Sodium Dodecyl 
Sulfate Polyacrylamide 
Gel Electrophoresis 
(SDS-PAGE) 



3.2. Western Blotting 



3.3. Calcium Binding 
Assay 



1. Carry out SDS-PAGE (15%) according to Laemmli (10) 
(see Chapter "Non-Electrophoretic Bidirectional Transfer of 
a Single SDS-PAGE gel with Multiple Antigens to Obtain 
Twelve Immunoblots"). Electrophorese the various MAPs 
along with the high and low molecular weight protein stand- 
ards (see Note 4). 

1 . Carefully extricate the SDS polyacrylamide gel from between 
the plates and immerse in western blot transfer buffer. 

2. Cut a PVDF membrane to the size of the gel and immerse in 
methanol. Rinse once with water and once with transfer buffer. 

3. Cut four sheets of absorbant filter paper (Whatman 
3MM) to the size of the gel and transfer to the transfer 
buffer. Two absorbant pads are also placed in the buffer 
(see Note 5). 

4. Assemble the transfer sandwich on a Saran plastic wrap (about 12 
in. long; placed on the workbench) in this order: absorbant pad, 
two filter papers, the PVDF membrane, SDS polyacrylamide gel, 
two filter papers, absorbant pad. Fold the Saran wrap over the 
sandwich, roll out air bubbles with a 10 mL pipette and place in 
a transfer cassette. Position the cassette in the transfer apparatus 
in such a way that the PVDF membrane is in between the gel and 
the anode (see Note 6). Fill with chilled transfer buffer (4°C). 

5. Carry out electrotransfer overnight (~18 h) at 30-40 V (con- 
stant voltage). 

6. Disconnect power supply and disassemble the sandwich. Rinse 
membrane with water. Stain the polyacrylamide gel with 
Coomassie Brilliant Blue stain (see Note 7) to discern effi- 
ciency of transfer. 

1. Add 200 mL of imidazole wash buffer to the membrane and 
incubate with gentle shaking for 2 h. 

2. Add 200 mL of water and rinse the membrane once. 

3. Incubate with 200 mL of 1 mM CaCl 2 for 1 h. 

4. Wash the membrane thrice with 100 mL of 20% ethanol each 
time (2 min/wash). 

5 . Add 200 mL of water and rinse the membrane once to remove 
ethanol. 

6. Incubate the membrane with 1 mM Quin-2 for 1 h. Use 
enough volume to cover the membrane (see Note 8). 

7. Add 200 mL of water and rinse the membrane once to remove 
Quin-2. 
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8 . Visualize with UV light using a Photodyne UV Transilluminator 
(see Note 9). 

9. Take picture (see Note 10). 

3.4. Staining Blot with The blot can be stained with Coomassie after photography of 
Coomassie Brilliant calcium binding (see Chapter "Protein stains to Detect Antigen 

ftl ue on Membranes"). This can reveal the amount of protein in each 

lane of the blot. 

1. Add enough Coomassie (see Note 11) to cover the membrane. 

2. Stain for 30 min. 

3. Remove the stain (see Note 12). 

4. Add enough destain to cover the membrane. Add couple of 
Kim wipes into the destain (see Note 13). 

5. After destaining, the membrane is ready to be imaged. 



4. Notes 



1 . A MAP is made up of a seven-lysine backbone upon which 
are built eight copies of the same peptide sequence. It is 
possible to contruct four copies as well. We synthesize eight- 
branched MAPs at 0.1 mM level with a purity of 95%. As 
a control it is possible to make just the lysine backbone. 
A 16-mer MAP runs with an apparent molecular weight of 
25,000 (11). 

2. We dilute from 1 M stock solution of calcium chloride. 

3. Prepare a 0.5% stock of Coomassie solution in 25% methanol 
and 10% acetic acid. Filter with a filter paper in a sintered 
glass funnel fitted to a side-arm flask attached to an in-house 
vacuum. Dilute it 10 times with 25% methanol and 10% acetic 
acid solution. 

4. Do not boil the MAP in SDS lysis buffer. If boiled, it runs as 
an aggregate. Just add SDS lysis buffer and load on gel. Since 
they are short peptides, there is no need to denature them 
with heat. 

5 . Exclude air bubbles from the support pads by pressing down on 
the pads several times, while the pads are immersed in the buffer. 

6. In the Bio-Rad transfer apparatus, we place the gel side of the 
transfer cassette facing the black side of the transfer cassette 
holder and the membrane side facing the red side. 

7. Microwave or water- bath heat the closed container containing 
the gel and 0.05% Coomassie until the solution becomes 
hot (about 70°C). 
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Incubate for 10 min with shaking (12). Decant Coomassie 
stain into a bottle (this can be filtered and reused except 
for gels or membrane meant for tryptic digestion or micro - 
sequencing). Place the gel between two or three folds of 
Kimwipes, add destain, and microwave as before and incu- 
bate for 15 min. The Kimwipe will adsorb the Coomassie 
that exudes out of the gel. The dye remains tightly bound 
to the Kimwipe, which can now be discarded as solid trash. 
The destain can be reused. 

8. Dissolve Quin-2 in water. Incubate the membrane in sealed 
plastic bags to reduce the volume of Quin-2 used. Cut a 
corner of a polyethylene bag, slightly bigger than the size 
of the membrane. Add the Quin-2 solution and seal the 
edges with Quick heat seal. Leave some air in the bag to 
allow the Quin-2 solution to move around the membrane 
when shaken on a laboratory shaker. For good seal using 
the Quick heat sealer, it is important not to have any liquid 
along the edge to be sealed. 

9. Wear ultraviolet-proof goggles. Place the membrane on 
transilluminator box. Cover naked area (area not covered 
by the membrane) with multifold paper towels. Cover the 
entire area with ultraviolet-proof plexiglass. 

10. Use #57 or #55 polaroid film to take pictures. Use red filter. 
If negatives are needed, then use #55 film. The pictures can 
also be taken with an UVP digital system. 

11. We make a 0.5% Coomassie stock and then dilute it 1:10 with 
25% methanol and 10% acetic acid. To make the stock dis- 
solve Coomassie in methanol first, and then add acetic acid 
and water to make up the volume. Filter using two Whatman 
1 (circular filter) filters, Buchner funnel, side-arm conical flask, 
and in-house laboratory vacuum set up. 

12. Do not dispose used Coomassie down the drain. Save and 
refilter for reuse. 

13. Use of Kimwipes reduces the amount of destain needed. 
The Kimwipes adsorbs the Coomassie and can be disposed 
as solid waste. 
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Detection of La/SS-B by Western Blot Using 
Nanogold-Tagged Antibodies and Silver Enhancement 

Shannon Maier, Sherry Hubbell, and R. Hal Scofield 



Summary 

Immunogold staining with silver enhancement is a versatile, sensitive and specific method for immuno- 
detection of diverse protein antigens separated by sodium dodecyl sulfate polyacrylamide gel electro- 
phoresis and transferred to nitrocellulose or polyvinylidene difluoride membranes. "Next- generation" 
antibodies tagged with nanogold particles have a wide scope of use including but not limited to immu- 
nohistochemistry, western blotting, electron microscopy, fluorescent activated cell sorting procedures, 
and cell isolation and migration studies. Herein, we describe the use of a nanogold- tagged anti-mouse 
IgG secondary antibody and silver enhancement methodologies coupled with antigen-specific unlabeled 
primary antibodies for the detection of the La/SS-B autoantigen by western blotting as a useful alternative 
to chemiluminescent and enzymatic detection methods. 

Key words: Western blotting, Nanogold, Silver enhancement, Autoantigen, La/SS-B 



1. Introduction 



La/SS-B is a 48 -kD protein ubiquitously present within the nucleus 
and cytoplasm of cells and exists as part of a ribonuclear pro- 
tein (RNP) complex with Ro/SS-A and small cytoplasmic RNAs 
(YRNAs) (1). Expressed as a heterodimer containing a Mr28 
amino -terminal and a Mr23 carboxy- terminal domain, the N-ter- 
minal domain contains an RNA- binding and recognition motif 
(RRM) and the C- terminal domain contains a second RRM, 
an ATP -binding site, and a nuclear localization signal (NLS). 
The C- terminus of the protein can be cleaved within a linker 
region lying between the two domains, causing its translocation 
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into the cytoplasm (2, 3). It has been proposed that La has chaperone 
activity in the nucleus due to its ability to recognize and bind 
RNA. In the cytoplasm, the La protein is involved in initiation, 
correction, and efficient termination of transcription for newly 
synthesized RNA Polymerase III transcripts (4, 5). Western blotting 
of this protein is useful in the detection of autoantibodies against 
the La protein in serum of patients with diseases such as systemic 
lupus erythematosus (SLE) and Sjogren's syndrome (SS). 

The concept of using colloidal gold particles as a detection 
method for proteins was based on initial discoveries in the field of 
photography during the nineteenth century, in which precipita- 
tion of silver ions was catalyzed by the presence of colloidal gold 
particles in the presence of hydroquinone (6, 7). Initial stain- 
ing using colloidal gold particles suitable for visualization by the 
naked eye required the use of larger quantities and particles of 
diameter size ranging from 10-250 nm (8). Silver enhancement 
of colloidal gold staining was originally described by Danscher 
(9) ^ in which gold particles catalyze the reduction of silver ions 
to metallic silver leading to enhanced visualization (8). Using 
the premise behind autometallography, in which silver ions are 
precipitated by catalysis around a gold nucleus in the presence of 
a reducing agent, smaller particles from 1 to 10 nm (nanoparticles) 
could be used for detection (6, 8). These nanogold particles were 
subsequently conjugated to antibodies that could directly target 
antigen or act as secondary labeling systems when used with unlabeled 
primary antibodies. 

Immunogold antibody staining with silver enhancement is a 
versatile, sensitive, and specific method that has been used in west- 
ern blotting to detect diverse types of protein antigens that have 
been separated by polyacrylamide gel electrophoresis and trans- 
ferred to nitrocellulose (NC) or polyvinylidene difluoride (PVDF) 
membranes (6, 8). Traditional methods of total protein detection in 
electrophoresis and western blotting such as Coomassie Blue, fast 
green, and colloidal gold staining are either unspecific or less sen- 
sitive with regard to antigen detection. Sensitivity and specificity in 
protein detection has been improved through the use of antigen- 
specific antibodies coupled with secondary antibodies conjugated 
to a chromogenic or chemiluminescent reporter. Unfortunately, 
these antibody systems have limited utility and are used prima- 
rily for immunohistochemistry and western blotting only. (6—8) . 
Conversely, "next- generation" antibodies tagged with nanogold 
particles have a wide scope of use including, but not limited to, 
immunohistochemistry, protein blotting, electron microscopy, 
fluorescent activated cell sorting procedures, and cell isolation 
and migration studies (10-12). Herein, we describe the use of 
15-nm nanogold-tagged anti-mouse IgG and silver enhancement 
methodologies coupled with antigen- specific unlabeled primary 
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antibodies for the detection of autoantigens such as La/SS-B by 
protein blotting. Using this methodology, protein blotting can 
be performed with sensitivity and specificity that rivals that of 
chromogenic and chemiluminescent detection systems without 
the confounding issue of light sensitivity or fading. 



2. Materials 



2. 1. Proteins 



22. Western Blotting 
for La/SS-B Using 
La-Specific SW5 
Monoclonal and 
Donkey Anti-Mouse 
Nanogold-Tagged 
Antibodies 



1 . 6x His-tagged human La cDNA fusion constructs containing 
the endogenous human promoter, regulatory sequences, 
and exon coding sequence were obtained from Dr. Darise 
Farris (Oklahoma Medical Research Foundation, Oklahoma 
City, OK, USA). 

1. Transfer buffer (lOx): 0.25 M Tris and 1.9 M glycine (see 
Note 1). Dilute 100-mL lOx transfer buffer in 900-mL 
water to prepare working solution. Store at 4°C. 

2. Nitrocellulose membrane (Millipore, Bedford, MA, USA) 
and 3MM CHR chromatography paper (Biometra, Goettingen, 
Germany). 

3. Tris-buffered saline (TBS; lOx): 0.05 M Tris-HCl, 1.5 M 
NaCl, pH 7.4. Dilute 100-mL lOx TBS in 900-mL water to 
prepare working solution. Store at 4°C. 

4. TBS with Tween-20 (TBST): Supplement lx working stock 
of TBS with 0.1% Tween-20. 

5. Blocking buffer: 5% (w/v) nonfat dry milk in TBST. 

6. Primary antibody: SW5 monoclonal antibody with specificity to 
the La/SS-B protein (kindly provided by Dr. Darise Farris). 

7. Primary antibody dilution buffer: 5% (w/v) nonfat dry milk 
in TBST. 

8 . Secondary antibody: Donkey anti-mouse 1 5 -nm IgG nanogold 
conjugated antibody (Electron Microscopy Sciences, Molecular 
Probes, Eugene, OR, USA) (see Note 2 and consult the 
product information sheet). 

9. Secondary antibody incubation buffer: 0.1% Aurion acetylated 
BSA (Molecular Probes, Eugene, OR, USA) in lx PBS. 

10. Silver enhancement: LI silver enhancement kit (Molecu- 
lar Probes) containing enhancer reagent and initiator rea- 
gent. Store at 4°C (see Note 3 and consult the product 
information sheet). Working solution is prepared by mixing 
equal amounts of the enhancer and developer immediately 
before use. 
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3. Methods 



3.1.SDS-PAGEof 
La/SS-B Protein 



3.2. 6x His La/SS-B 
Transfer to Nitrocel- 
lulose and Immunos 
taining 



7. 



8 



10 



SDS-PAGE: Carry out SDS-PAGE according to Cleveland 
et al. (13) (see Chapter Non-electrophoretic bi-directional 
transfer of a single SDS-PAGE gel with multiple antigens 
to obtain twelve immunoblots). La and Plus Protein dual- 
color protein standards (BioRad Laboratories, Hercules, 
CA, USA) were separated on 4-20% precast (15 wells) 
Tris-glycine polyacrylamide gels (NuSep, Ltd., Frenchs Forest 
NSW 2086, Australia). 

Prepare lx transfer buffer by diluting 100 mL of lOx trans- 
fer buffer with 900-mL water. 

Wet a piece of nitrocellulose membrane that has been cut to 
fit the gel (-10 cm x 8 cm) with water followed by equilibration 
in lx transfer buffer >15 min. 

Remove the electrodes from the power supply, disassemble the 
electrophoresis unit, and remove the precast gel. Discard the 
used electrophoresis buffer. Using a razor blade carefully cut 
the adhesive that holds the two precast gel plates together. 

Using a spatula or other thin devices, gently pry apart the 
two plates making sure that the gel remains on the lower 
plate. Using either the razor blade or spatula, remove the 
well dividers and score the corner of the gel for orientation. 
Carefully transfer the gel into a tray containing lx transfer 
buffer and equilibrate the gel for 15 min. 

Briefly equilibrate the fiber pads and four 3MM filter paper 
squares (-10 cm x 8 cm) in lx transfer buffer. 

In the transfer buffer, carefully assemble the transfer cassette 
from anode (black) to cathode (red) by stacking a fiber pad, 
two equilibrated 3MM filter paper squares, the gel, the 
nitrocellulose membrane, two additional equilibrated 3MM 
filter paper squares, and the other fiber pad. 

Assemble the transfer unit by placing the cassette into the 
transfer tank by aligning the anode (black) of the cassette 
with the anode of the tank (see Note 4). Add a prefrozen gel 
tray or Polar Ice® pack into the transfer tank and fill the tank 
with lx transfer buffer. 

Finish assembling the transfer tank and place the electrodes 
in a power supply. Transfer the blot at 100 V for 1 h. 

Remove the electrodes from the power supply, disassemble 
the transfer tank, remove the gel-membrane sandwich, and 
discard the used transfer buffer. 

Remove the membrane from the sandwich and immedi- 
ately cover the membrane in a blocking solution. Colored 
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bands in the standards lane typically indicate that the transfer 
was successful. Transfer of proteins can also be verified by 
staining the membrane 5-10 min with reversible dilute fast 
green stain that can be removed by rinsing the membrane in 
TBST. 

11. Block unspecific binding sites on the nitrocellulose mem- 
brane by incubating in the blocking solution overnight 
at4°C. 

12. Discard the blocking buffer and rinse the membrane once in 
cold TBST for 5 min with continuous rocking at RT. 

13. The membrane is then incubated with a 1:40 dilution of 
SW5 supernatant containing the anti-La/SS-B antibody in 
antibody dilution buffer for 1 h followed by three 5 -min 
washes in TBST with continuous rocking at RT. Discard the 
primary antibody solution. 

14. Nanogold-tagged donkey anti-mouse IgG is diluted 1:10 
or 1:20 in secondary antibody incubation buffer, the mem- 
brane is incubated for 1 h in incubation buffer at RT, and the 
secondary antibody solution is discarded. The membrane is 
rinsed three times for 5 min with incubation buffer, two times 
for 5 min with lx PBS, and two times with water to remove 
all residual chloride ions that may increase background. 

15. LI silver enhancement buffer is prepared by combining equal 
parts of the enhancer (solution A) and the initiator (solution 
B) immediately before use. The membrane is then added to 
the enhancement buffer and incubated until the specimen is 
visible as a dark brown to black band on the membrane (5-20 
min). If the bands remain light following the first incubation, 
the membrane can be incubated a second time in freshly mixed 
LI silver developer until the bands intensify (5-25 min). 

16. Stop the LI silver enhancement by rinsing in water for 5 min 
three times, remove the membrane from the water, and place 
it in a seal-a-meal bag for scanning or imaging (see Note 5). An 
example of the expected results produced is shown in Fig. 1. 



4. Notes 



1. All solutions described herein were prepared using 18.2- 
megaohm water, subsequently referred to as "water" 
throughout this manuscript. 

2. Ntmojjold particles degrade when exposed to concentrated 
thiols such as b-mercaptoethanol or dithiothreitol and may 
not be stable at temperatures over 50°C. Optimal results are 
obtained when the particles are used between refrigerator 
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Fig. 1 . Western blot of 2-mg La/SS-B protein stained with a 1 :1 
or 1 :20 dilution of a donkey anti-mouse NANOGOLD antibody with 
silver enhancement. The observed bands correspond to the 
La/SS-B protein (48 kD), its homodimers (around 25 kD) and its 
degradation products. Black arrows designate locations of 
molecular weight markers. 




25 kD 



1:10 1:20 



and room temperatures. Incubations above these tempera- 
tures such as 37°C should be avoided. 

The enhancer and initiator solutions must remain at 2-8 °C 
and must not be frozen, exposed to extreme heat or light, 
and not be in contact with metallic objects that may induce 
silver precipitation. The stability of the enhancement solution 
is greatly dependent on temperature and time. Therefore, sil- 
ver enhancement must be optimized by the user to optimize 
specific enhancement without increasing background. 

Improper placement of the cassette into the transfer tank can 
lead to the loss of proteins due to charge reversal. Be sure to 
load the cassette and assemble the unit properly by match- 
ing the black plate of the sandwich holder with the anode 
(black) side of the transfer tank. 

Membranes can be imaged using a computer scanner and 
saved to disk for easy data storage. Membranes remain stable 
in seal-a-meal bags and can be stored for prolonged times 
without loss of intensity. 
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Imaging Systems for Westerns: 
Chemiluminescence vs. Infrared Detection 

Suresh T. Mathews, Eric P. Plaisance, and Teayoun Kim 



Summary 

Western blot detection methods have traditionally used X-ray films to capture chemiluminescence. The 
increasing costs for film, reagents, and maintenance have driven researchers away from darkrooms to 
more sensitive and technologically advanced digital imaging systems. Cooled charge coupled devices 
(CCD) cameras capture both chemiluminescence and fluorescence images, with limitations for each 
detection method. Chemiluminescence detection is highly sensitive and relies on an enzymatic reaction 
that produces light, which can be detected by a CCD camera that records photons and displays an image 
based on the amount of light generated. However, the enzymatic reaction is dynamic and changes over 
time making it necessary to optimize reaction times and imaging. Fluorescent detection with a CCD 
camera offers a solution to this problem since the signal generated by the proteins on the membrane 
is measured in a static state. Despite this advantage, many researchers continue to use chemilumines- 
cent detection methods due to the generally poor performance of fluorophores in the visible spectrum. 
Infrared imaging systems offer a solution to the dynamic reactions of chemiluminescence and the poor 
performance of fluorophores detected in the visible spectrum by imaging fluorphores in the infrared 
spectrum. Infrared imaging is equally sensitive to chemiluminescence and more sensitive to visible fluo- 
rescence due in part to reduced autofluorescence in the longer infrared wavelength. Furthermore, infra- 
red detection is static, which allows a wider linear detection range than chemiluminescence without a 
loss of signal. A distinct advantage of infrared imaging is the ability to simultaneously detect proteins on 
the same blot, which minimizes the need for stripping and reprobing leading to an increase in detection 
efficiency. Here, we describe the methodology for chemiluminescent (UVP BioChemi) and infrared 
(LI- COR Odyssey) imaging, and briefly discuss their advantages and disadvantages. 

Key words: Chemiluminescence, Infrared, UVP, LI-COR, Odyssey, Western blotting 
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1. Introduction 



Over the last decade, the use of cooled, charge coupled device 
(CCD) cameras to capture chemiluminescence from western 
blots has become increasingly popular. Increasing costs for film, 
reagents, and maintenance have forced researchers to embrace 
newer, more sensitive, and technologically advanced digital 
imaging systems. CCD cameras have the ability to capture both 
chemiluminescence and fluorescence. Cooling CCD cameras to 
-20°C increases exposure times to over 5 min without generat- 
ing a grainy picture and cooling to -40°C can integrate expo- 
sures for an hour without significant loss of image quality due 
to "hot pixels." Most imagers offer a wide dynamic range (3-4 
orders of magnitude) generating a high-quality image compared 
with the limited linear dynamic range of film (1.5 orders of mag- 
nitude). Additionally, the available image analysis software has 
transformed the once frustrating western blotting of yester years 
to that which can be imaged accurately and repeatedly with a 
one-touch, preset or user-defined setting. Although chemilumi- 
nescence is one of the most frequently used protein detection 
methods in western blotting due to its high sensitivity (Fig. 1), it is 
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Fig. 1 . Chemiluminescence imaging using cooled CCD. Purified total (bottom) and phosphorylated (top) forms of recom- 
binant, human fetuin-A, a liver-secreted glycoprotein and inhibitor of insulin receptor tyrosine kinase, were separated by 
SDS-PAGE and transferred to a nitrocellulose membrane and immunoblotted with appropriate antibodies. Chemilumines- 
cent images were captured on a UVP Biochemi Imaging System and quantitated (bar graph) with LabWorks software. 
The linear detection capability for fetuin-A ranged from 50 to 2,000 ng. 
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not without limitations. The light-producing enzymatic reactions 
of chemiluminescent detection are dynamic and fade quickly over 
time. Thus, obtaining images within an optimum time is criti- 
cal, failing which quantitation accuracy may be compromised. To 
address this issue manufacturers currently offer extended- dura- 
tion chemiluminescent substrates, which continue to generate 
stable chemiluminescence over a longer time period. 

Infrared detection methods became commercially available 
in 2001 with the introduction of the Odyssey® Infrared Imag- 
ing System by LI- COR Biosciences. The system is composed of 
two solid state diode lasers, which can provide light excitation 
simultaneously at 685 and 785 nm. Collimating lenses, opti- 
cal bandpass filters, and a focusing lens focus and tune the laser 
beams to produce an excitation spot on the scanning surface that 
is magnified and split to photodiodes that convert the light to an 
electrical signal. Infrared detection offers solutions to the prob- 
lems associated with chemiluminescence and fluorescent detec- 
tion methods including static detection, low autofluorescence, 
equivalent or higher sensitivity than chemiluminescence, higher 
signal-to-noise ratio, and detection range, multiplex labeling, and 
greater efficiency. Fluorescent secondary antibodies detected in 
the infrared spectrum produce a constant amount of light. The 
static nature of the intensity of light generated by infrared activa- 
tion improves precision and the ability to differentiate differences 
in signal intensity produced by antibodies bound to proteins. 
This allows for a more accurate quantification of protein levels 
compared with enzyme-labeled secondary antibodies. 

One major advantage of infrared imaging over chemilumi- 
nescence is the ability to detect two proteins simultaneously in 
color (1). For example, it is often necessary to quantify total and 
phosphorylated forms of intracellular proteins to investigate cel- 
lular signaling pathways. Infrared-labeled antibodies available for 
the 680 and 800 nm spectrum make it possible to view total and 
phosphorylated proteins separately by manipulating individual 
wavelength channels in the same band. This permits simultaneous 
viewing of the effects of a treatment on protein phosphorylation 
without the need for membrane stripping and reprobing (Fig. 2). 
Likewise, the production of light generated from fluorophores 
detected in the infrared spectrum not only improves quantifica- 
tion and accuracy, but facilitates normalization and comparative 
analysis months to years later without a loss of signal if membrane 
imaging is desired for future analyses. Therefore, infrared imag- 
ing has the potential to dramatically improve the efficiency of 
western blotting methods. 

Here, we describe methodology to quantitate proteins on 
western blots using chemiluminescence (UVP BioChemi, UVP 
LLC, Upland, CA) and infrared imaging (LI-COR Biosciences, 
Lincoln, NE). 
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Fig. 2. Infrared imaging using LI-COR Odyssey® Imaging System. Purified total (middle) and phosphorylated (top) 
forms of recombinant, human fetuin-A, a liver-secreted glycoprotein and inhibitor of insulin receptor tyrosine kinase, 
were separated by SDS-PAGE and transferred to a nitrocellulose membrane and immunoblotted with appropriate anti- 
bodies. Overlaid image (merge), 700 channel (red), and 800 channel (green) were acquired using the Odyssey 2.0 
software. LI-COR Odyssey® Imaging System allows the user to simultaneously detect phosphorylated and total forms of 
a protein without the need for stripping and reprobing (see Color Plates). 



2. Materials 



2. 1. Chemilumines- 
cence Imaging: UVP 
BioChemi 



Western blot wash buffer: 10 mM Tris-HCl, pH 7.4, 150 
mM NaCl, 0.1% Tween-20. 

Blocking buffer: 5% Nonfat dry milk powder or 1% BSA 
diluted in western blot wash buffer. 

Diluted primary antibody with blocking buffer: Optimum 
dilution depends on the antibody of interest (ranging from 
neat to 1:5,000). 

Diluted secondary antibody: 1:5,000-1:20,000 dilution in 
blocking buffer. 

UVP BioChemi system with LabWorks Image Acquisition 
and Analysis software (UVP LLC, Upland, CA). 

Shaker. 



2.2. Infrared Imaging: 
LI-COR Odyssey® 



1. Phosphate buffered saline (PBS, lx) (without calcium and 
magnesium (Fisher Scientific, Hampton, NH, USA). 

2. PBS with 0.1% Tween-20 (PBST). 

3. Odyssey blocking buffer (diluted 1:1 with PBS without loss 
of performance) (LI-COR Biosciences, Lincoln, NE, USA). 

4. Diluted primary antibody with Odyssey blocking buffer. 
Optimum dilution depends on the antibody of interest (typi- 
cally 1:1,000 to 1:5,000). Odyssey blocking buffer can be 
diluted 1:1 with PBS without a loss of performance. For mul- 
tiple antibody detection, see Note 8 and Subheading 3. 

5. LI-COR Odyssey Infrared Imaging system (LI-COR 
Biosciences, Lincoln, NE, USA). 

6. Shaker. 
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3. Methods 



3. 7. Chemilumines- 
cence Imaging: UVP 
BioChemi 

3. 1. 1. Western Blotting 



SDS-PAGE (see Chapter "Non-electrophoretic bi-directional trans- 
fer of a single SDS-PAGE gel with multiple antigens to obtain 
twelve immunoblots") and protein transfer (see Chapter "Detec- 
tion of calcium binding by Ro 60 multiple antigenic peptides on 
PVDF membrane using Quin-2" for transfer to PVDF) to mem- 
branes should be conducted according to the procedures of Towbin 
et al. (2). Either nitrocellulose or PVDF membranes may be used for 
western blotting using the UVP BioChemi Image Analysis system. 

1. Following protein transfer to the nitrocellulose or PVDF 
membrane, gently soak the membrane in PBS for 10 min to 
remove transfer buffer. 

2 . Block the membrane in the appropriate blocking buffer for 
1 h at room temperature (RT) or overnight at 4°C if neces- 
sary with gentle rotation or shaking. The blocking buffer 
must cover the membrane (a minimum of 0.4 mL/cm 2 is 
recommended) . 

3 . Dilute the primary antibody of interest in blocking buffer 
(1:1,000 to 1:5,000 are generally good starting points). 

4. The primary antibody should be incubated for 60 min at RT 
or for longer periods (12-16 h) at 4°C. Optimum incuba- 
tion times depend on the protein of interest and antibody 
dilutions used. 

5. Following incubation with the primary antibody, wash the 
membrane five times for 5 min each wash, at RT with west- 
ern blot wash buffer. The membranes should be fully cov- 
ered with PBST and shaken gently to facilitate the removal 
of unbound antibody. 

6. Incubate the membrane with secondary antibody diluted in 
blocking buffer (l:5,000tol:20,000 are typical ranges used) . 
We have generally found that higher dilutions (1:10,000 or 
greater) provide maximum sensitivity with reduced unspe- 
cific binding. 

7. The secondary antibody should be incubated for 60-120 
min at RT with gentle shaking. Incubations longer than 120 
min may increase background noise. 

8 . Following incubation with the secondary antibody, wash the 
membrane five times for 5 min each with western blot wash- 
ing buffer. 

9. Place the membrane on Saran- or Glad-wrap, add chemilu- 
minescent substrate (prepared fresh by mixing luminol and 
peroxide containing reagents), and follow manufacturer's 
recommendation for length of incubation with substrate. 
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3. 1.2. Image Acquisition 



6 

7, 

8, 



10 



11 



12 



Drain excess substrate, and then place the membrane in a 
sheet protector. 

Next, open the BioChemi Image analyzer dark box and 
lower metal tray onto light box (see Note 1). 

To make sure that the captured chemiluminescence image 
is in focus, place a sheet of paper with graphics, words, or a 
combination of words and graphics. 

Click the Video/digital capture icon on toolbar, which 
opens the Live Workspace Preview. Now focus the image by 
manually adjusting the focus ring on the camera. Close Live 
Workspace preview on completion. 

Next, position the membrane in the middle of the metal 
tray inside the UVP Biochemi imager, and then close the 
imager. 

Set Emission filter on the imager to the Clear position. 

Turn off power to the imager. Then click Acquire and choose 
the Video/digital option (see Note 2). 

To take a series of images to decide the best exposure times, 
click Integration tab in camera menu. Choose Sequential 
Integration. This allows the user to capture images sequen- 
tially, in an incremental manner. Since the capture process is 
automatic, this does not require the user to be present. Once 
completed, the user may choose the best captured image. 

On sequential settings, choose irregular intervals; choose 
western Chemi option, and use default settings or make appro- 
priate changes on sequential integration timings. Click OK. 

Click capture in the Camera tool bar. This begins the 
capture process. Images captured are sequentially added to 
the Desktop. 

Once completed, an image of appropriate band intensity 
may be chosen and saved. 

Alternatively, a single image can be captured from the Video/ 
digital option, for a defined exposure time, and saved (see 

Note 3). 



3. 1.3. Enhancement of 
Chemiluminescent Images 



Under the Edit menu, click Display Range, which is a graph- 
ical representation of the total pixels in the image and their 
gray scale values. 

Next, click Invert button, to make the bands appear dark on 
a light background. 

In the Display Range, slide the green and blue bars from the 
right side of the graph to the left until you can see the blot 
on the image. 
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3.1.4. Calibrating 
Chemiluminescent Blots 
with Visible Light Protein 
Markers 



4. Next, click on the Z+ button to show more detail in the spe- 
cific area of the image where pixels are concentrated. 

5. Then slide both left and right bars to further enhance the 
blot. 

6. Next, click Process menu for sharpening of the image. Hot 
pixels can be substracted/removed by clicking the Starfield 
subtraction button. 

7. Next, click Image Enhancement icon in LabWorks and then 
click Apply to make the changes in the image permanent 
(see Note 4). 

1 . Acquire an image of the visible protein markers on the blot 
using overhead epi-white lighting of the Biochemi system 
darkroom (black box); optimize this image using the Display 
Range feature of LabWorks, by clicking the Edit menu, and 
then save the image on the computer. 

2. Now, acquire an image of the chemiluminescence at the same 
settings as the image of the visible light protein markers, and 
save the image. Do not move the membrane or adjust the 
zoom setting on the lens. 

3. Optimize chemiluminescence image using the Display Range 
feature of LabWorks software, by clicking the Edit menu. 

4. To make both images (visible protein marker image and 
chemiluminescence image) look similar, invert the image of 
the chemiluminescent blot so that bands appear dark in front 
of a light background. 

5. Click Image Enhancement icon in LabWorks and then click 
Apply to make the changes in the image permanent. 

6. Next, highlight the image of visible light marker, click Edit 
and Copy from LabWorks software menu (see Note 5). 

7. Click the image of chemiluminescent blot and select Edit and 
Paste. This overlays the visible light markers onto the image 
of the chemiluminescent blot precisely orienting the markers 
as it appears on the membrane. 



3.1.5. Molecular Weight 
Calculation 



The LabWorks software can be used to calculate molecular weight 
of the protein band detected by chemiluminescent imaging. 

1. In the LabWorks software, click 1-D gel tab. Then click "show 
toolbar." Next, click Lanes. This will automatically detect all 
lanes. 

2. Next click Molecular weight standards in 1-D gel tool bar. 
Click New and then enter information about your protein 
markers, name, units, and type of material (protein) and 
diffusion (default is logarithmic). 
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Click Add, and then key in molecular weight of the protein 
markers starting with the highest molecular weight. When 
done, click Add again. Repeat this procedure till all molecu- 
lar weights have been added. 

Next, click Auto-locate in the Molecular Weight Standards 
tool bar. Software automatically detects bands and adds 
molecular weight standards to it. Based on the intensity of 
the protein marker bands, some molecular weight may not 
be accurately labeled. 

To manually correct this, click Locate in the Molecular 
Weight Standards tool bar, and then click Detach All. 
Now the band position indicator can be moved to appro- 
priate position on the image where the molecular weight 
markers have migrated. Once the position of all markers 
is confirmed click OK on the Molecular Weight Standards 
tool bar. 

To obtain the results of the densitometric analysis, click Results 
on the open 1-D gel toolbar. Results can be exported to a 
Microsoft Excel file, by clicking File, then DDE to Excel. 



3.1.6. Quantitation of 
Western Blots: 
Densitometric Analysis 



7. 



In the LabWorks software menu, click Tools tab, and then 
click Area Density. 

Next, click Define Region. This allows the user to mark 
an area of interest (chemiluminescent protein band) in the 
image. On the tool bar choose between rectangle, elliptical, 
and free-form regions by selecting the area of interest icon 
(AOI) in the main tool bar. From experience we have found 
that rectangle size works best for quantitation of western 
blots (Fig.l). 

If the bands appear irregular, select Irregular Shape icon 
from the LabWorks main menu. 

Click and draw a rectangle around the protein band of inter- 
est in the first lane. Make the first rectangle big enough to 
accommodate the biggest band on the image. To retain the 
same size for all bands, copy the first rectangle, by right 
clicking on the mouse. 

A copy of the first rectangle is made. Now click and drag to 
the band of interest in the second lane and drop. 

Right click again to copy another rectangle for the next 
band. Repeat the procedure until an area of interest has been 
defined for all bands. Once completed, click the End button 
in the Area Measurement window. 

This opens up the Area Density Tool, which gives total den- 
sity, mean density, mean background, total raw density, and 
minimum intensity of the analyzed bands. 
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8. Density measurements can be exported as a Microsoft 
Excel file by clicking File, and then choosing DDE to Excel 
option. 



3. 1.7. Exporting Images to 
PowerPoint or Word Files 



3.2. Infrared Imaging: 
LI-COR Odyssey® 

3.2. 1. Western Blotting 



The UVP Biochemi Chemiluminescent Imager captures images 
as 12 -bit or 16- bit files. These 12 -bit and 16- bit image files can- 
not be viewed in other imaging softwares, or be imported into 
Microsoft PowerPoint or Microsoft Word, and need to be con- 
verted to an 8 -bit file. This is done as follows: 

1 . Highlight the image, then click Edit and choose "Convert to." 

2. Next, click Gray Scale 8 and then click Convert. This con- 
verts the image to an 8 -bit file. However, the user will need 
to redo the image enhancements (Invert image, Display 
range, etc.). 

3. Next, click the Image Enhancement icon in LabWorks and 
choose Apply to make the changes in the image permanent, 
and save the image. 

1. Following protein transfer to the nitrocellulose or PVDF 
membrane, gently soak the membrane in PBS for 10 min to 
remove transfer buffer (see Note 6). 

2. Block the membrane in Odyssey blocking buffer (1:1 with 
PBS) for 1 h at RT or overnight at 4°C if necessary by apply- 
ing gentle rotation or shaking (see Note 2). The blocking 
buffer must cover the membrane (a minimum of 0.4 mL/cm 2 
is recommended) (see Note 7). 

3 . Dilute the primary antibody/antibodies of interest in block- 
ing buffer (1:1 in PBS) (see Notes 7 and 8). Primary antibody 
dilutions ranging from 1:1,000 to 1:5,000 are generally good 
starting points. Add 0.1% Tween-20. Tween-20 added to the 
primary antibody solution decreases background staining and 
increases protein renaturing, thereby improving antigen-anti- 
body binding (3). 

4. The primary antibody should be incubated for 60 min at RT 
or for longer periods (12-16 h) at 4°C. Optimum incubation 
times depend on the protein and antibody of interest. 

5. Following incubation with the primary antibody, wash the 
membrane four times for 5 min each at RT with PBST. 
The membranes should be fully covered with PBST and 
shaken gently to facilitate the removal of unbound antibody 

(see Note 8). 

6. Infrared (fluorescent-labeled) secondary antibody is diluted 
in blocking buffer. As stated previously, blocking buffer can 
be diluted 1:1 in PBS. Dilutions in the range of 1:5,000 to 
1 :25,000 are typical ranges used. We have generally found that 
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lower concentrations (1:20,000) provide maximum sensitivity 
with reduced unspecific binding. However, each antigen-anti- 
body relationship will possess specific binding affinities that 
may alter incubation concentrations. Again, 0.1% Tween-20 
can be added to the diluted antibody as performed previously 
for the primary antibody (see Note 9). 

7. The secondary antibody should be incubated for 30-60 min 
at room temperature with gentle shaking. Incubations longer 
than 60 min may increase background noise. From step 7 
onward throughout these procedures, it is important to pro- 
tect the secondary antibody incubation from light to avoid 
loss of signal. 

8. Following incubation with the secondary antibody, wash the 
membrane four times for 5 min each with PBST. 

9. The membrane should be rinsed with PBS to remove Tween- 
20 prior to imaging. 

3.2.2. Infrared Image 1 . The membranes should be placed facedown with the top of 

Acquisition the membrane toward the front of the imager at the 0,0 (x,y) 

coordinates. This will allow the user to specify a scan bound- 
ary that is 1 cm larger than the membrane in all dimensions, 
which minimizes the truncation of annotations made on the 
scan. Since scanning starts at the lower left hand corner of 
the scanning surface and progresses first across the X-axis and 
then steps up incrementally to the T-axis, membranes are gen- 
erally easier to analyze if the sides are parallel to the X/Taxes 
scans. However, the position of the membrane on the scan- 
ning surface is not detrimental since images can be flipped or 
rotated following the scan. Always clean the scanning surface 
with deionized water and a dust-free towel or cloth before 
imaging. Dust and other particulates trapped on the scanning 
surface can be transferred to the membrane and captured on 
the image. Also remove all bubbles underneath the membrane 
by using a roller device provided by the manufacturer (see 
Note 10-12). 

2. Imaging may be started from the instrument's front panel, an 
internet browser, or from software provided by the manufac- 
turer. Procedures described in this section are for 2 . 1 software 
operation only. 

3. Start the software and choose a new project or open an exist- 
ing project folder. Enter a name for the scan to be placed in 
the project folder. The "Preset" for the instrument should 
be set to "Membrane." Resolution can be set to 12, 42, 84, 
169, or 137 mm - 169 mm is used for typical scans of mem- 
branes. Quality refers to how much detector signal is processed 
for a given area on a membrane to form a pixel on the image. 
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Medium is typical. Focus Offset should always be set to 0. 
Focus Offset accomadates additional imaging strategies such as 
micr opiates. The "Channels" check boxes are used to specify 
whether to detect the 700 channel dye, 800 channel dye, or 
both. Intensity is typically set to 5.0 for membranes. The scan 
area is drawn by clicking and dragging the rectangle on the 
scan grid. Click "Start Scan" to send the scan parameters to the 
imager and to start the scan (see Note 13). 



3.2.3. Enhancement of 
Infrared Images 



1. During the course of a scan or following its completion, 
the image generated can be rotated, cropped, and adjusted. 
Adjustments to the brightness, contrast, or sensitivity can 
be made in either or both of the 700- or 800-nm channels 
to optimize the image. If bands are missing on an image, 
increase the sensitivity using the Linear Manual Sensitiv- 
ity slider. If bands are dim, use the Brightness and Contrast 
sliders to adjust. 

2. In most circumstances, the default settings in the scan con- 
sole are optimal. Variation from the default settings is typically 
related to insufficient protein or primary and secondary anti- 
body dilutions. The high sensitivity of the Odyssey® imager 
permits the use of primary antibodies in the range of 1:5,000 
to 1 : 1 0,000 and secondary antibodies in the range of 1 : 1 5 ,000 
to 1:25,000. 



3.2.4. Sizing Bands and 
Quantification 



1. Acquire an image of the visible protein markers and 
samples using the Odyssey® Imager and software as described 
earlier. 

2. Sizing begins by adding lanes to the image with both image 
channels overlaid allowing the lanes to be added to both 
images simultaneously and in identical positions. 

3. Click the "Add Lane" tool in the left toolbar. Move the cur- 
sor above the highest MW marker at the top of the first lane. 
Center the cursor in the lane and pull the cursor down below 
the band with the lowest molecular weight and double click. 
Always check each lane to be sure that it is centered over the 
lane in the image and is wide enough to enclose all the bands 
in the lane. 

4. Add other lanes by copying and pasting unless some curves 
have exaggerated curvature. Another option is to click the 
"Add Multiple Lanes" tool, which allows the number of 
additional lanes required. All lanes will be marked, and bands 
should be enclosed by a rectangular band marker. In some 
instances, bands that are faint will not be found during the 
automatic lane finding. The "Add Band" marker tool may be 
used to add a band. Bands may also be deleted by pressing 
Delete on the keyboard. 
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5 . Once the molecular weight markers have been identified, the 
size of each marker can be entered through the "Analyze" 
dropdown and by clicking "Edit Size Standard." Assigning 
the size standards permits the user to develop a molecular 
weight line for protein identification in samples with multiple 
bands in the same lane. 

6. Adding lanes to the membrane not only allows quantification 
of the molecular weight marker, but also allows for accurate 
densitometric analysis of each band. By simply clicking on the 
center of the box, the densities of each band can be deter- 
mined. 



4. Notes 



1. Turn on power to cooled CCD camera -10-15 min before 
image acquisition. This allows the CCD camera to fully cool 
to -28°C reducing "hot pixels." 

2. Since chemiluminescence imaging is done in the dark, one 
common mistake, often encountered, is forgetting to turn off 
the white light on the imaging system. Further, the imaging 
system has an built-in safety mechanism that turns the UV- 
light off whenever the door to the imager is opened. The user 
may not realize that the UV- lights are on until the image is 
being captured. To make sure that all lights are turned off, a 
"safe lab practice" may be to turn the power to the UVP Bio- 
chemi system off completely. 

3. A captured western blot image may not be typically visible 
without software enhancement. This is because of the low 
light emission from the chemical reaction and not because of 
a faulty system or camera. Sometimes, the image may look 
completely black and may be misleading to first- time users. 
The Image Enhancement tool needs to be used to enhance 
low light chemiluminescent images. 

4. Because of the voluminous nature of a typical western blot 
lab, it sometimes becomes necessary to annotate chemilumi- 
nescent images. This is easily done by clicking Edit on the 
LabWorks menu and choosing Annotate option. The user can 
select the alphabet tool bar and using the mouse can now 
click on the desired location on the image to annotate. The 
desired lane -identification label or molecular weight size can 
now be keyed into the Annotation Object Properties tool bar. 
The software offers the ability to change the font, font size, or 
color of label. 
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5 . When calibrating visible light protein markers with chemilu- 
minescent blot for estimation of molecular weight on pro- 
tein bands, it is extremely convenient to just draw a rectangle 
around the marker lane (make sure that this rectangle covers 
the entire area from the top to the bottom of the image) and 
overlay this image (rather than the entire white light image 
of the blot) onto the chemiluminescent blot. 

6. Following the transfer, handle the membrane carefully and 
mark the side of the membrane where the transfer occurred 
with a pencil. Markings with an ink pen or markers can fluo- 
resce and will be observed on the imaged blot. Be sure to 
mark the membrane on the top side of the membrane where 
the protein transfer occurred. 

7. Although we have found that membrane blockers such as 
nonfat dry milk are suitable for use with anti-rabbit and 
anti-mouse secondary antibodies with the Odyssey® Sys- 
tem, we have found that blocking buffer available by the 
manufacturer provides less background noise and unspecific 
labeling for anti-goat secondary antibodies. The diluted 
blocking buffer (1:1) with PBS can be used up to three 
times if stored at 4°C without a loss of performance before 
disposal. It should also be noted that the membrane should 
not be exposed to Tween-20 prior to blocking. Exposure to 
Tween-20 can cause strong background fluorescence on the 
blot. An important mistake that should be highlighted here 
is to ensure that the rinse immediately following transfer 
should be done in PBS only. Often times during the course 
of a western blot it becomes necessary to discontinue the 
assay due to time constraints. Blocking can be conducted 
overnight at 4°C if necessary. 

8. The detection of two separate antibodies in the 700 and 800 
channels of the instrument requires primary antibodies from 
different host species (rabbit, mouse, or goat IgG). 

9. Diluted secondary antibodies can be saved and reused usu- 
ally up to three times. The decision to reuse the secondary 
antibody should be based on the length of time between 
assays. As expected, secondary antibody used three times 
over the course of 3 days yields similar labeling sensitivity. 
In contrast, secondary antibody used three times over the 
course of 3 weeks will often yield disparate differences in the 
intensity of bands. Along these lines, it is also critical that 
the diluted secondary antibody be protected from light to 
maintain performance. Finally, 0.01% Tween-20 can be used 
to reduce membrane background. 

10. Scanning on the Odyssey can be conducted using either 
the 700 or 800 infrared channels or both depending on the 
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protein(s) of interest. It is important to note that the scanning 
surface of the Odyssey should be cleaned with distilled water 
prior to use and removed with lent-free wipes to decrease par- 
ticulate on the imaging surface. Also, remember that the blot 
must be protected from light and from contact with particu- 
lates such as dust, which will be imaged if transferred. Once 
the membrane is imaged, it may be stored dry for months 
protected from light. If there is any possibility that the image 
may need to be stripped and reprobed then store the mem- 
brane in PBS protected from light since stripping agents are 
generally ineffective when membranes are dry. 

11. Membranes may be stored dry or in PBS buffer at 4°C. 

12. Imaging is conducted by placing the blot facedown and 
inverted on the scanner surface of the imaging system. 

13. "In-cell" western assays can detect up to two proteins simul- 
taneously within the cellular environment without the need 
for generating cell lysates. While the technique is based on 
standard immunocytochemical methods, infrared detection 
enables sensitive and quantitative analysis of protein signal- 
ing pathways in cultured cells without reduced interference 
from cell, plate, and treatment autofluorescence (4). Cells 
may be grown or transferred to plates (including 96-well 
microtiter plate) prior to experimentation. The cells are then 
fixed (usually with 4% paraformaldehyde), blocked with 
Odyssey blocking buffer or nonfat dry milk, and then incu- 
bated with primary and secondary antibodies, respectively, 
for the target protein(s). 
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Chapter 52 



A Fluorescent Codetection System for Immunoblotting 
and Proteomics Through ECL-Plex and CyDye Labeling 

Ciara A. McManus f , Pamela M. Donoghue, and Michael J. Dunn 



Summary 

The qualitative and quantitative capabilities of 2-D electrophoresis and its use in widespread proteome 
analysis has been revolutionized over the past decade with the introduction of differential gel electrophore- 
sis commonly known as DIGE. This highly sensitive CyDye protein labeling technique now attempts to 
advance conventional western blotting by the combination of DIGE labeling with the recently developed 
ECL-Plex CyDye conjugated secondary antibodies. The ability of this method to simultaneously visual- 
ize the total protein expression profile as well as the specific immunodetection of an individual protein 
species will significantly aid protein validation following 2-D gel separation by confirming the exact loca- 
tion of proteins of interest. This simple, rapid, and reproducible technique is demonstrated by 1-D and 
2-D electrophoresis through the detection of the small 27-kDa heat shock protein (hsp 27), a protein 
known to be expressed in the human heart, from a complex cardiac protein extract. 

Key words: CyDye immunoblotting, ECL-Plex, Western blotting, Codetection 



1. Introduction 



Developed by Towbin et al. (1), western blotting is deemed 
widely as an extremely robust means of identifying and/or verify- 
ing specific interactions between immobilized proteins and anti- 
bodies in one -dimensional gel electrophoresis (1-DE). However, 
applying this technique to two-dimensional gel electrophoresis 
(2-DE) is somewhat cumbersome. Advantages of 2-DE over 
1-DE lie in its ability to simultaneously display up to 2,000 pro- 
teins on a single gel (2). Although the actual immunoprobing of 
a 2-DE gel is relatively straightforward, difficulties arise in the 
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ability to unequivocally determine which spot on the immunob- 
lot corresponds to which spot on the gel. 

There are a considerable number of both pre- and poststain- 
ing methods available, none of which overcome the problem. 
For example, gel- staining techniques such as Coomassie Brilliant 
Blue and silver stain along with fluorescence- based methods such 
as SYPRO-Ruby and Deep Purple give a good overall impression 
of the total protein profile, but many are not compatible with 
downstream immunoblotting analysis. Similarly, general protein 
stains for blot membranes such as Amido black, Ponceau-S, Fast 
green FC, Colloidal gold, and India ink are also lost during anti- 
body incubation (3). 

We describe here a method that combines visualization of 
the total protein profile and the immunoblotting of a specific 
individual protein, addressing the challenges associated with spot 
correlation between 2 -DE gels and membranes. It is based upon 
the recently developed ECL Plex-CyDye immunoblot detection 
system (GE Healthcare, Amersham, Bucks, UK). Protein samples 
are labelled with the charge -matched 'minimal labeling' cyanine 
CyDye reagents (GE Healthcare), Cy3 and Cy5, prior to 1-D 
or 2-D gel electrophoresis. Only brief details of the 2-DE meth- 
odology are given in this chapter, but a detailed protocol can be 
found elsewhere (4). Separated proteins are then transferred onto 
membranes by semidry electroblotting and can be subsequently 
be probed with a specific primary antibody of choice. Membranes 
are then incubated with ECL Plex fluor-labelled species-specific 
Cy3 or Cy5 secondary antibodies (GE Healthcare) and then 
scanned using a fluorescent imager at their corresponding speci- 
fied wavelengths. Thus, this highly sensitive method allows the 
simultaneous viewing of the total protein profile expression along 
with the specific immunoreactive protein(s). 

A stepwise increase in protein loading (150, 300, and 600 
|Llg) was utilized to demonstrate both the robustness and repro- 
ducibility of the technique in 2-DE. Similarly, scanning at these 
different loadings showed no interference between increased 
protein loads and calculated fluorescence (5). 

CyDye immunoblotting also resolves several of the difficulties 
associated with DIGE protein labeling. This technique, although 
highly sensitive, does result in a small but significant shift in 
pi during 2-D gel electrophoresis; as a result, significant spot 
comparison between DIGE and non-DIGE 2-D gels can prove 
extremely difficult (6). The combination of DIGE and ECL Plex 
labeling overcomes this problem by displaying the exact location 
of the protein of interest in the overall protein profile consider- 
ably aiding spot picking for mass spectrometry identification. 

With the ECL Plex system, it is feasible that multiple protein 
targets can be detected simultaneously since multiple species- specific 
secondary antibodies labelled with different CyDyes are cur- 
rently available providing an added quantitative capability to this 
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approach (http://www4.gelifesciences.com/aptrix/upp00919. 
nsf/Content/DD5A06BB56FC99CAC12571DB00811FlB/$ 
file/28904234AA.pdf). 



2. Materials 



2. 1. Tissue Sample 
Preparation 



2.2. DIGE Labeling 



2.3. 1-D SDS-Polyacr- 
ylamide Gel Electro- 
phoresis 



2.4. Western Blotting 
forHsP-27 



1. Liquid nitrogen canister Dilvac Dewar flask 1 L (Keison, 
Chelmsford, UK). 

2. Pestle and mortar (see Note 1). 

3. DIGE compatible lysis buffer: 9.5 M urea (w/v), 2% CHAPS 
(w/v), and 20 mM Tris-HCl (w/v) pH 8.0-8.5. Stored in 
aliquots at -20°C. All reagents are available from Sigma- 
Aldrich, St. Louis, MO, USA (see Note 2). 

4. Hand-held sonicator: Microson XL 2000 (Misonix, 
Farmingdale, NY, USA) (see Note 3). 

5. Protease inhibitor cocktail: Roche complete protease inhibi- 
tor cocktail tablets (Roche Diagnostics GmbH, Mannheim, 
Germany). 

6. Bradford protein -binding reagent: Bio-Rad Protein Assay 
(Bio-Rad laboratories GmbH, Munchen, Germany). 

1. CyDye stock solution: Cy3 and Cy5 CyDyes (GE Health- 
care) supplied as 25 ng of lyophilized powder resuspended 
1:1 in dimethylformamide (DMF) (see Note 4) (Sigma- 
Aldrich, UK). Dyes are used immediately or stored at -80°C 
in the dark for up to 3 months. 

2. CyDye working solution: Dye working solutions are made 
up to the desired concentration in DMF, and can be stored 
at -80°C for up to 2 weeks in the dark. 

3. Labeling stop buffer: 10 mM lysine. Can be stored at RT. 

1 . Bio-Rad mini-Protean minigel system, Bio-Rad laboratories, 
Hercules, CA, USA. 

2. 4-20% Precast Precise Protein gels (Pierce, Rockford, IL, 

USA). 

3. Sample buffer: CyDye labeled protein samples were com- 
bined with an equal volume of Laemmeli sample buffer 
(Bio-Rad Laboratories). 

4. Running buffer: 1 M Tris Base, 1 M HEPES, and 1% SDS. 

1. Hybond nitrocellulose membranes (Amersham Biosciences, 
Bucks, UK). 
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2. Protean blotting system (Bio-Rad laboratories). 

3. Transfer buffer: 25 mM Tris, 192 mM glycine, and 20% 
methanol. 

4. Membrane blocking buffer: 0.01 M Phosphate buffered 
saline (PBS) containing 5% bovine serum albumin (BSA) 
( Sigma- Aldrich ) . 

5. Primary antibody: Monoclonal anti-Hsp 27 antibody 
(SPA-800) (Stressgen, Bioscience, Cambridge, UK), 1:800 
dilution in PBS Tween-20 (PBST), 0.01 M PBS, and 0.1% 
Tween-20 (PBST). 

6. Membrane washing buffer: PBST as described earlier. 

7. Secondary antibody: ECL Plex goat-a-mouse IgG, Cy 
3 conjugated or goat-oc-rabbit IgG, Cy 5 conjugated sec- 
ondary antibody (GE Healthcare), 1:2,000 dilution in PBST 
(see Fig. 1; Note 5). 

8. Membrane storage: Membranes can be stored wrapped in 
lint- free tissue and tin foil for up to 3 months in the dark 

(^^Note 6). 
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Fig. 1 . ECL Plex 1 -D CyDye blotting: ECL Plex human left ventricular heart fractions prelabeled with Cy3 and Cy5 CyDyes 
were electrophoretically separated on a 1-D 4-20% gradient gel (A). Following protein transfer onto nitrocellulose 
membranes (B), blots were probed with monoclonal Hsp 27 Ab and visualised with Cy5 and Cy3 secondary conjugated 
Abs (C). Flour labeled ECL Plex rainbow molecular mass markers were employed to correctly identify labeled proteins. 
All gels and membranes were visualized using the Typhoon variable mode imager (reproduced from (4) with permission 
from Wiley-VCH) (see Color Plates). 
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2.5. Isoelectric 
Focusing 



2.6. 2-D Electrophore- 
sis (2-DE) 



2.7. 2-D Western 
Blotting. 



2.8. 1-D and 2-D 
Typhoon Scanning 



1. Focusing apparatus: IPGphor, Amersham Biosciences, 
Bucks, UK. 

2. Strip Rehydration Buffer: 8 M urea, 0.5% (w/v) CHAPS, 
0.2% (w/v) DTT, and 0.2% (w/v) Pharmalyte pH 3-10. 

3. 2x lysis buffer: 9.5 M urea, 2% CHAPS, 2% DTT, and 1.6% 
Pharmalyte pH 3-10. 

4. Equilibration buffer: 6 M urea, 30% (v/v) glycerol, 2% 
(w/v) SDS, 0.05 M Tris-HCl, pH 8.8, and 0.01% (w/v) 
bromophenol blue; aliquot and store at -20°C. 

5. 1% (w/v) DTT, 4.8% (w/v) iodoacetamide (see Note 7). 

1. 2-D gel system: BioRad Protean Plus Dodeca Cell (Bio-Rad 
laboratories). 

2. Protogel 30% (w/v) acrylamide/methylene bisacrylamide 
solution (37:5:1 ratio) (National Diagnostics, Atlanta, GA, 
USA) (see Note 8). 

3. Protogel resolving buffer (4x): 0.375 M Tris-HCL and 0.1% 
SDS, pH 8.8 (National Diagnostics, Atlanta, GA, USA). 

4. Ammonium persulphate (APS): 10% solution in ddH 2 0. 

5. ^^^^-Tetramethyl-ethylenediamine (TEMED) (Sigma- 
Aldrich). 

6. 2-D running buffer: 25 mM Tris, 192 mM glycine, and 0.1% 
SDS. 

7. Water saturated isobutanol: Add equal volumes of isobuta- 
nol and ddH 2 to a glass bottle and shake; use upper phase. 
Store at RT. 

8. Agraose sealing solution: 1% agarose powder dissolved in 
2-D running buffer. 

1. Gel equilibration buffer: 20 mM Tris base, 150 mM glycine, 
pH 8.3. 

2. Hybond nitrocellulose membranes (GE Healthcare) 
(see Note 11). 

3. Transblot semidry transfer cell (Bio-Rad laboratories). 

4. For primary, secondary, membrane blocking materials, and 
storage material see Subheading 2.4, items 4-8. 

1. Scanner: Typhoon variable mode imager 9400 (GE Health- 
care). 

2. Scanner settings: 

(a) Acquisition mode: Fluorescence. 

(b) Laser: Cy3 580 Bp 30, Cy5 670 BP 30. 
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(c) Pixel size: 100 |Lim. 

(d) Focal plane: Gel, +3 mm and press sample, membrane, 
platen, and do not press. 

(e) Sample. 

(f) DIGE file naming format. 

(g) Image quality control: ImageQuant tools. 



3. Methods 



3. 1. Tissue Sample 
Preparation and Lysis 



3.2. Minimal CyDye 
Labeling 



Grind human left ventricular heart tissue (0.2 g) to a fine 
powder with the aid of liquid nitrogen and a pestle and mor- 
tar (see Note 1). 

Immediately add ground tissue (0.25 g) to DIGE -compatible 
lysis buffer (1 mL) and incubate at RT for 1 h. 

Sonicate the protein samples on ice for 3 x 10 s bursts. Follow- 
ing centrifugation at 14,000 x g for 30 min, collect the pro- 
tein fractions, aliquot, and store at -80°C until further use. 

The Bradford dye binding assay is used to determine the 
protein concentration of the samples (7). 

Minimal CyDye labeling (GE Healthcare) with both Cy 3 
and Cy 5 is performed at a concentration of 25 |Lig of pro- 
tein/200 pmol of CyDye for 1-DE. Because of the sepa- 
ration capabilities of 2 -DE, a minimum protein loading of 
150 |Lig/l,000 ppmol of CyDye is required for 2-DE analy- 
sis. However, increased protein loadings of 300 and 600 |Lig 
were also labeled at the same ratio (see Note 14). 

Remove the CyDyes from -20°C and allow to warm to RT 
for 5 min. Reconstitute the CyDye in the specified volume 
of DMF as supplied with the dye by pipetting the DMF 
down the side of the tube and vortex briefly to ensure total 
resuspension (see Note 4). 

Spin for 30 s at 12,000 xjj. CyDye stock solutions are stable 
for up to 3 months at -80°C. 

Add 1 |LiL of stock solution CyDye to 4 |LiL of DMF to make 
a 200 pmol working solution. This is stable at -20° C for 1 
week. Protein to dye ratio is both user- and sample specific 
and thus should be optimized for each experiment. 

Check pH of the protein sample to be labeled by spotting 
1 |LiL of sample onto a pH indicator strip. Ensure that the 
sample pH is 8.5 prior to labeling (see Note 10). 
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6. Add the equivalent protein sample required for labeling to 
a microfuge tube and add 1 |LiL of working Cy3 or Cy5 dye 
solution. Mix by vortexing, spin briefly at 12,000 x g, and 
incubate samples on ice for 30 min in the dark. 

7. The labeling reaction is terminated by the addition of 1 |LlL 
of 10 mM lysine. Spin briefly and incubate the samples for 
further 10 min in the dark. 

8 . Labeled protein fractions can be either utilized immediately 
or otherwise stored at -20°C. 



3.3. 1D SDS PAGE 



3.4. 1-D Western 
Blotting 



3.5. 2-DE: First- 
Dimension Isoelectric 
Focusing 



For analyses of protein samples by 1-D SDS -PAGE, samples 
are combined with an equal volume of Laemmli buffer. 
One -dimensional SDS -PAGE is carried out using the 
Bio-Rad minigel system on 4-20% gradient gels (Pierce, IL, 
USA) according to Laemmli et al. (8) (see Chapter "Non- 
electrophoretic Bidirectional Transfer of a Single SDS -PAGE 
Gel with Multiple Antigens to Obtain 12 Immunoblots"). 
However, any gel system can be utilized. 

Combine prelabeled protein samples with an equal volume 
of Laemmli sample buffer (Bio-Rad). Using the Bio-Rad 
mini- Protean III system, run the gel at 100 V for 1 h or 
until the dye front has migrated off the end. 

Transfer SDS -PAGE gels electrophoretically onto Hybond 
nitrocellulose membranes (GE Healthcare) according to 
Towbin et al. (1) using a Protean blotting system (Bio-Rad) 
at 100 V for 1 h at 4°C in 1-D transfer buffer. 

Block the membranes for 1 h at RT in PBS containing 5% 
BSA and incubate overnight in monoclonal anti-Hsp 27 
antibody (1:800 dilution) in PBST. Ensure that the mem- 
branes are protected from light. 

Wash the membranes twice in PBST and then incubate in 
either ECL Plex goat-oc-mouse IgG, Cy 3 or goat-oc-rabbit 
IgG, Cy 5 conjugated secondary antibody (1:2,000 dilu- 
tion) for 1.5 h in PBST protected from light. 

After incubation in secondary antibodies, wash the blots 
twice in PBST for 10 min each, followed by further two 
washes in PBS while protected from light. 

Use 24 cm immobilized pH 4-7 IPG strips to perform first- 
dimension isoelectric focusing (IEF) separation. 

Combine 2-DE samples (at loading concentrations of 150, 
300, and 600 |Llg of human heart left ventricle) initially 
with an equal volume of 2 x lysis buffer and then dilute in 
rehydration solution to a total volume of 450 |LlL. Rehy- 
drate strips overnight at RT using an in -gel rehydration 
method (9). 
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3.6. 2-DE: Second 
Dimension SDS-PAGE 



3.7. 2-DE Semi dry 
Western Blotting 



7. 



8 



The following day, focus the rehydrated strips at 0.05 mA/ 
IPG strip for 72,000 Vh at 20°C. 

Following IEF, equilibrate the strips in equilibration buffer 
with the addition of 1% (w/v) DTT for 15 min at RT. Sub- 
sequently, equilibrate the strips in the same buffer without 
DTT but with the addition of 4.8% (w/v) iodoacetamide for 
15 min at RT (10). 

Perform the second dimension using 1-mm thick large for- 
mat (26 x 21 cm) 12% SDS-PAGE gels overnight on a 
BioRad Protean Plus Dodeca Cell system at 1 W/gel at 
15°C. The 2-DE tank should be covered to protect the 
fluorescent dyes from exposure to light. The gels are run 
until the dye front has just migrated off the lower end of 
the gels. 

Immediately after 2-DE, equilibrate the gels in 250 mL/gel 
2-DE transfer equilibration buffer with gentle agitation at 
RT for 30 min (see Note 7). 

Soak filter paper and Hybond nitrocellulose in 2-DE transfer 
equilibration buffer prior to loading onto the semidry appa- 
ratus (^Note 12). 

Wet the anode plate with deionized water and stack six sheets 
of soaked filter paper onto the plate. Remove any air bubbles 
in the filter paper by rolling a 10-mL pipette over the sheets 
one at a time. Place the nitrocellulose on top and remove 
any air bubbles. 

Place the gel on top of the nitrocellulose and take note of 
the orientation. Add the remaining six sheets of filter paper 
and remove any air bubbles (see Note 11). 

Wet the cathode plate with deionized water and connect the 
supply. 

Transfer the separated proteins for 2 h at 0.8 mA/cm 2 of gel 
area. 

Block the nitrocellulose membranes in 250-mL blocking 
buffer for 2 h at RT. Incubate the membranes overnight in 
a minimum of 50 mL of monoclonal anti-Hsp 27 antibody 
(1:800 dilution) in PBST, ensuring that the membranes are 
protected from light at all times (see Note 5). 

Wash the membranes twice in 250 juL of PBST and then 
incubate in either 50 mL of ECL Plex goat-a-mouse IgG, 
Cy 3 or goat-a-rabbit IgG, Cy 5 conjugated secondary anti- 
body (1:2,000 dilution) for 1.5 h in PBST, again protected 
from light (see Note 9). 
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3.8. 1-DEand2-DE 
Scanning 



9. After incubation in secondary antibodies, wash the mem- 
branes twice in 250-mL PBST for 10 min each, followed 
by a further two washes in PBS while protected from 
light. 

1. Visualize all gels, membranes, and immunoblots by scan- 
ning at each stage (i.e., scan gels after 1-D or 2-D electro- 
phoresis and membranes after transfer, to ensure transfer 
efficiency, and immunoblots after antibody probing) using 
the Typhoon variable mode imager 9400. 

2. Allow the scanner to warm up for at least 30 min prior to 
scanning. 

3. Following 1-DE or 2-DE separation, allow the gels to warm 
to RT. Wash the outer plates with deionized water and clean 
with EtOH. It is recommended that the gels are scanned 
while still assembled in the plates. 

4. To scan membranes, place the wet membrane facedown and 
roll a 10-mL pipette over the membrane to remove any air 
bubbles. 

5. The maximum pixel volume should be between 40-60 |Lim 
in order to avoid spot saturation (see Note 15). 

6. For scanner settings please refer to Subheading 2.8. 



4. Notes 



The frozen tissue must be ground into a fine powder using 
the liquid nitrogen and the pestle and mortar to ensure max- 
imum protein yield. This process can be simplified by using a 
large pestle and a small mortar bowl, minimizing tissue loss 
from the mortar during grinding, and by rapidly grinding 
the tissue once the added liquid nitrogen has burnt off when 
the frozen tissue is at its hardest. 

D I GE- compatible lysis buffer contains no reducing agents 
such as dithoithreitol (DTT) used in conventional lysis buffer 
as these reagents interfere with CyDye labeling. Aliquots of 
this buffer should not be refrozen once thawed. 

Sonication should always be carried out on ice to prevent 
overheating of the sample and in turn protein degradation. 
Protease inhibitors are added to stock DIGE-compatible 
lysis buffer and aliquoted accordingly. 
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4. DMF must be anhydrous and unopened prior to CyDye 
stock reconstitution and labeling. It is recommended to use 
a fresh bottle of DMF for every new batch of dyes. 

5. CyDye labeled secondary antibodies must be stored in the 
dark. During incubation membranes can be wrapped in tin 
foil to exclude light. 

6. Membranes can be stored in lint-free tissue and tin foil to 
exclude light. 

7. DTT and iodoacetamide are added fresh to thawed aliquots 
of equilibration buffer. These buffers cannot be reused/ 
refrozen. 

8. Unpolymerized acrylamide is a neurotoxin and should be 
handled as a hazardous substance. 

9. The sensitivity of the goat-anti-mouse IgG Cy3 secondary is 
somewhat inferior to its anti- mouse Cy5 counterpart; there- 
fore, the Cy3 prelabeling followed by the anti- mouse Cy5 
secondary combination was used in all subsequent analysis. 

10. Protein sample must be adjusted to pH 8.5 to ensure opti- 
mal CyDye labeling; this can be achieved by the addition of 
DIGE lysis buffer. 

1 1 . The format size of the semidry blotting system may differ to that 
of the gel size. Gel trimming can be performed before transfer 
by cutting away unwanted areas of the gel while the gel is still on 
the glass plate; this results in a better gel-membrane fit. 

12. It is necessary to separately soak the nitrocellulose and filter 
paper in equilibration buffer to avoid the transfer of artifacts 
to the membrane. 

13. As seen in Fig. 2, total protein expression is overlaid with 
the immunolabelled Hsp27 protein spots. These images can 
also be viewed separately or simultaneously by selecting the 
specific fluor channel for each CyDye. 

14. Scanning of 150, 300, and 600-|Lig gels (n = 3) using the 
Typhoon 9400 showed no interference between increased 
protein loads and calculated fluorescence as pixel volume 
was adjusted within a common range (40,000-60,000 pix- 
els) for all scans. 

15. Adjusting the pixel volume for each scan can be achieved by 
reducing/increasing the PMT setting for each wavelength. 
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Fig. 2. ECL Plex 2-D CyDye blotting: Human left ventricle protein fractions [1 50 jig (A), 300 jig (B), and 600 jig (C)] were 
primarily CyDye (Cy3) labeled, focused on pH 3-10 NL IPG strips, and subjected to 2-D gel electrophoresis using 12% 
SDS polyacrylamide gels, column 1 (A, B, and C). Separated proteins were transferred onto nitrocellulose membranes, 
column 2. Primary incubation with monoclonal Hsp 27 antibody was followed by decoration with CyDye (Cy5) conjugated 
secondary antibodies, column 3. Total protein expression combined with specific Hsp 27 protein detection is overlaid 
and visualized at specific wavelengths for both Cy Dyes, column 4 (reproduced from ^ with permission from Wiley-VCH) 
(see Color Plates). 
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Visualization of Unstained Protein Bands on PVDF 

Jun Park, Masaharu Mabuchi, and Ajay Sharma 



Summary 

In 1988, two separate investigators reported a novel method of detecting unstained protein bands on 
polyvinylidene fluoride (PVDF) membranes using white light transillumination. This simple method 
exploits the intrinsic hydrophobicity of PVDF membrane, which enables the visual observation of trans- 
ferred protein bands due to differential wetting patterns between protein bands and the membrane itself. 
This method applies only to hydrophobic PVDF membranes, because hydrophilic membranes such as 
nitrocellulose wet out completely, rendering the protein bands invisible by transillumination. Transillumi- 
national protein visualization can detect submicrogram quantities of proteins while circumventing the use 
of protein stains, which can potentially interfere with downstream analysis such as N-terminal sequencing. 
In this chapter, we demonstrate efficient transilluminational protein visualization on a recently introduced 
low- fluorescence PVDF membrane, normally used for downstream fluorescent immunodetection. 

Key words: Transillumination, PVDF, Fluorescence 



1. Introduction 



Hydrophobicity of polyvinylidene fluoride (PVDF) membranes 
is the key contributing factor to its high protein- binding capacity 
and its wide use in western blotting applications. While optimal 
for traditional western blotting using chemiluminescent detec- 
tion, conventional PVDF membranes exhibit high background 
in fluorescent western blot applications. A recently introduced, 
low- fluorescence PVDF membrane (Immobilon®-FL membrane) 
retains the high protein -binding capacity of the original PVDF 
membrane while exhibiting substantially reduced fluores- 
cence background, making it an ideal membrane for fluorescent 
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applications. Initial protein detection by transillumination prior 
to fluorescent immunodetection can streamline optimization 
of the immunodetection process; however, the visualization of 
unstained protein bands via transillumination has been previously 
demonstrated using only conventional PVDF membranes. We 
now show similar results with the new Immobilon-FL membranes. 

PVDF membrane's hydrophobicity causes the membrane to 
appear opaque when transilluminated with white light. This opac- 
ity can change dramatically when a sufficient amount of organic 
solvent (such as methanol) is added to wet the membrane. In 
general, complete wetting of the Immobilon-FL membrane, 
achieved with -50% methanol, will render the membrane trans- 
lucent. Interestingly, when the membrane is coated with protein, 
the methanol concentration required to wet the membrane is 
reduced. This reduction occurs because adsorbed proteins locally 
decrease the membrane's inherent hydrophobicity, increasing its 
propensity for wetting. Electroblotted, dried PVDF membrane 
can be placed in 20-40% methanol (which, under normal circum- 
stances, will not wet out the membrane), and selective wetting 
will occur in areas corresponding to protein bands. Transillumi- 
nation then reveals unstained hydrophilic protein bands, which 
appear translucent against the opaque background of the hydro- 
phobic membrane (1, 2) (Fig. la). By this method, even submi- 
crogram quantities of proteins are visible (1). 

The transilluminational protein visualization method offers 
several advantages over other detection methods. First, the 
method is simple and rapid. Wetting of the protein bands occurs 
almost instantaneously in the appropriate amount of methanol. 
No special dyes or washing buffers are required, and the overall 
quality of electroblotting can be assessed rapidly. Furthermore, 
unlike methods using protein dyes, there is no danger of "over- 
staining" with transillumination because prolonged incubation 
with the proper concentration of methanol does not increase 
background "staining." Third, transillumination can be per- 
formed as many times as needed without the loss of detection 
sensitivity, since no membrane washing is required. After visu- 
alization, blots can be simply stored dry until the actual immu- 
nodetection or N-terminal sequencing. Finally, the method 
does not interfere with downstream applications. The visualized 
bands can be recorded using pin marks, and blots can be subse- 
quently analyzed for specific proteins by N-terminal sequencing 
or immunodetection. 

The sensitivity of this method critically depends on the con- 
centration of the wetting reagent. For example, when metha- 
nol concentration is too low, protein bands will not wet out 
optimally, reducing the sensitivity and the overall quality of the 
results (Fig. la). Conversely, a higher- than -optimal concentra- 
tion of methanol will wet out the membrane, and differential 
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Methanol Concentration (%) B 



20 30 40 43 





Fig. 1. Visualization of unstained protein bands using transillumination. (A) Shown are transilluminated Immobilon-FL 
membranes treated with the indicated concentration of methanol. Serially diluted total A431 cellular lysates (20, 10, 5, 
and 2.5-]ig total protein per lane, from left to right) were separated electrophoretically and electroblotted onto Immo- 
bilon-FL membranes. Membranes were stored dry at room temperature and, on the day of analysis, treated with the 
indicated concentration of methanol. The boundaries of the membranes were layered with black plastic sheets to clearly 
demarcate the membranes. Protein bands appear translucent against the opaque background of the membrane due 
to the differential wetting. Notice the effect of methanol concentration on the visualization sensitivity. With increasing 
methanol concentration, visualization becomes more sensitive. When too much methanol (43%) is used, certain areas of 
membrane become completely translucent (white areas) and the visualization of protein bands is compromised as dif- 
ferential wetting patterns are masked. (B) The same FL membrane shown in panel (A) (40% methanol) was stained with 
Coomassie Blue. Similar detection sensitivity can be seen between transillumination and Coomassie stains. 



wetting patterns will be lost. In general, 20-30% methanol is 
recommended, since, at this concentration range, methanol 
is unable to wet out the membrane. However, if visualization 
requires higher sensitivity, the membrane can be treated with 
gradually increasing concentrations of methanol (in 3% incre- 
ments) up to 40%. In the optimal methanol concentration, it 
is possible to achieve visualization sensitivity similar to that of 
Coomassie stain (Fig. lb) (1). 



2. Materials 



1. Methanol 20-40% (v/v). 

2. Low-fluorescence PVDF membrane (Immobilon-FL mem 
brane, Millipore Corp, MA, USA). 

3. Shallow tray large enough to hold membrane. 

4. White light box. 

5 . Black paper. 
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3, Methods (3) 



3. 1. Membrane Drying 
Methods 



3.2. Visualization by 
Transillumination 



The membrane must be completely dried before the transillumina- 
tion procedure. Rinse the blotted membrane with Milli-Q® water 
and dry it using one of the following methods (see Note 1). 

1. Soak membrane in 100% methanol for 10 s. Remove from 
methanol and place on piece of filter paper until dry (approxi- 
mately 15 min). 

2. Place the membrane between two sheets of filter paper and 
place in a vacuum chamber for 30 min. 

3. Place the membrane on filter paper and incubate at 37°C for 1 h. 

4. Place the membrane on lab bench and let it dry at room tem- 
perature (RT) for 2 h. 

1 . Dry the blotted membrane completely as described earlier in 
Subheading 3.1 and place it in a shallow tray. 

2. Fill the tray with enough methanol (20-40%) to cover the 
membrane. 

3. Incubate at RT for 5 min (see Note 2). 

4. Place the wetted membrane on a light box and mask the areas 
around the membrane with a sheet of black paper. 

5. The protein bands appear as clear areas against an opaque 
background. 

6. For a permanent record, photograph the wet membrane. 

7. Once the entire membrane has dried, it will revert to its origi- 
nal appearance and differential wetting patterns will disappear. 



4. Notes 



It is important to have a completely dry membrane. Overdry- 
ing will not interfere with the visualization. 

Longer incubation does not interfere with differential wetting 
patterns. Protein bands can be visualized any time following 
differential wetting without the risk of overs taining. 
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Improved Protein Detection Using Cold 
Microwave Technology 

Aaron G. Smith, Jyothi Jayaram, Carol B. Johnson, E. Ann Ellis, 
Stanislav Vitha, Ellen W. Collisson, and Andreas Holzenburg 



Summary 

Protein screening/detection is an essential tool in many laboratories. Owing to the relatively large time 
investments that are required by standard protocols, the development of methods with higher through- 
put while maintaining an at least comparable signal-to-noise ratio would be highly beneficial to many 
researchers. This chapter describes how cold microwave technology can be used to enhance the rate of 
molecular interactions and provides protocols for dot blots, western blots, and ELISA procedures per- 
mitting a completion of all incubation steps (blocking and antibody steps) within 45 min. 

Key words: Cold microwave technology, Microwave, Protein detection, Dot blot, Western 
blot, ELISA 



1. Introduction 



Protein screening is a time -intensive, yet indispensable technique 
required on a routine basis in many laboratories. Conventional pro- 
tein detection and blotting protocols call for extensive incubation 
times (1) in order to optimize antigen-antibody interactions in 
conjunction with appropriate visualization tools (Table 1). Most 
of these interactions can be significantly improved through the 
use of microwave technology. This technology greatly enhances 
the rate of antibody-antigen interaction, thereby significantly 
reducing incubation times. Microwave -assisted (MWA) research 
had its origins in histological studies over 30 years ago (2), but 
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Table 1 

Comparison of the conventional and the MWA dot and western blot protocols 



Conventional 



MWA 



Blocking 


Overnight at 4°C (or 2 h at 21°C) 


6 -min cycle 


Primary antibody 


Overnight at 4°C 


6 -min cycle 


Wash (TBS + 2% Tween) 


4 Times for 10 min each (21°C) 


4 Times for 1 min each 


Secondary antibody 


lhat21°C 


6 -min cycle 


Wash (TBS + 2% Tween) 


2 Times for 10 min each (21°C) 


2 Times at 1 min each 


Wash (TBS) 


2 Times for 10 min each (21°C) 


2 Times at 1 min each 



The 6-min cycle consists of 2 min on, 2 min off, and 2 min on at 37°C and a calibrated power of 220 
W. Wash steps are at 37°C and a calibrated power of 220 W 



remained enigmatic until a thorough examination into the vari- 
ables allowed for improved sample reproducibility (3). Since that 
time, a wealth of diverse protocols have been developed using 
MWA such as decalcification of bone (4), resin polymerization 
for electron microscopy (5), and antibody labeling of fixed bio- 
logical tissue (6). 

However, previous western blotting and ELISA MWA 
studies (7-9) were compromised by the use of a heterogeneous 
microwave field and uncalibrated power settings. In essence, 
these conventional MWA protocols were based on using a 
microwave apparatus that exerted uncontrolled heat radiation 
in addition to microwave radiation (Table 2). It is thought that 
pure microwave radiation is different from microwave heat- 
ing (10-12). While the latter may cause a linear acceleration 
of molecules, the former could be thought of as introducing 
high-frequency molecular inversions (flipping). To eliminate 
or control the heat component, Ted Pella, Inc., developed 
the ColdSpot® technology (13), which allows for meticulous 
control of sample temperature during MWA applications. The 
MWA protocols described in this chapter are therefore referred 
to as using cold- microwave technology. Protocols assisted by 
cold- microwave technology employ identical chemistry when 
compared with conventional techniques and may therefore 
be adapted for a wide range of other screening/visualization 
applications. 

The most dramatic effect incurred by using cold- microwave 
technology is significant timesaving, cutting blot development or 
ELISA processing times down from >24 h to 45 min. 
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Table 2 

Comparison of the conventional and MWA ELISA protocols 



Conventional 



MWA 



Antibody 


RT for 2 h 


6 -min cycle 




Blocking 


Overnight at 4°C 


6 -min cycle 




Wash 


Twice at RT 


1-min cycle 




Antigen 


2 h at RT 


6 -min cycle 




Wash 


Four times 


1-min cycle 




Biotinylated antibody 


30 min at RT 


6 -min cycle 




Wash 


Thrice 


1-min cycle 




Streptavidin-HRPO conjugate 


30 min 


6 -min cycle 




Wash 


Five times 


1-min cycle 




Substrate 


20 min at RT 


20 min at RT 





The 6-min cycle consists of 2 min on, 2 min off, and 2 min on at 30°C and a wattage 
setting of 250 W. Wash steps are done at the same microwave settings for 1 min. 



2. Materials 



2.1.SDS-Polyacryla- 
mide Gel Electrophore- 
sis (SDS-PAGE) and 
Electrophoretic Transfer 



2.2. MWA Dot Blotting 
Protein Detection 



1. Mini-PROTEAN 3 system (Bio-Rad, Hercules, CA, USA) 
used for protein separation. 

2. 0.2-|Lim Nitrocellulose (Bio-Rad, Hercules, CA, USA) was 
used for electrophoretic transfer at 1 A for 50 min in 25 mM 
Tris-glycine/20% methanol (pH 8.3) using a Genie blotter 
(IdeaScientific, Minneapolis, MN, USA). 

1. PELCO BioWave® Pro Laboratory Tissue Processing System 
equipped with PELCO ColdSpot® Pro (Ted Pella, Inc., Redding, 
CA) to increase rate of antibody-antigen interactions (Fig. 1). 

2. PELCO SteadyTemp™ (Ted Pella, Redding, CA) load cooler 
for maintaining the temperature of the Coldspot®. 

3. Polypropylene Petri dishes (50-mm diameter x 12 -mm deep 
(Ted Pella, Redding, CA, USA). 

4. lOx Tris-buffered saline (TBS): 200 mM Tris, pH 7.6 and 
1.37 M NaCl. Dilute in water to make lx TBS. 

5. Blocking buffer: 0.2% Tween-20 and 2% cold water fish gelatin 
(Sigma, St. Louis, MO, USA) diluted in lx TBS. 
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Conventional 










MWA 






Fig. 1 . Conventional and MWA dot blots in comparison. Samples from a conventional dot blot (top row) show whole cell 
lysate (a), peak fractions containing different amounts of the assayed protein (b, c), and a late fraction (after peak elution) 
as a negative control (d). Samples from the MWA dot blot (middle and bottom rows) show whole cell lysate run at 37°C 
(a) and 21 °C (b), peak fractions containing different amounts of the assayed protein (c, d), and two negative controls, 
that is, a late fraction (after peak elution) (e) and a nonreactive protein (f). This figure appeared in (12), Copyright © 
2008 by Elsevier, Inc. 



2.3. MWA Western 
Blotting Protein 
Detection 



6. TBST (TBS-Tween-20) buffer: lx TBS containing 0.2% 
Tween-20. 

7. Next follows a suitable visualization reaction, e.g., the alkaline 
phosphatase reaction. Reagents for this reaction are as fol- 
lows: 

(a) lOx chromogenic reaction buffer: 1 M NaCl, 50 mM MgCl 2 , 
1 M Tris-HCl, pH 8.8, store at RT, good for ~6 months. 

(b) NBT solution (3.75% w/v nitro blue tetrazolium in 100% 
methanol) (Research Products International, Mount Pros- 
pect, IL, USA): Store at -20°C and protect from light. 

(c) BCIP solution (5% w/v 5-Br-4-Cl-3-indolyl-phosphate in 
water) (Research Products International): Store at -20°C 
and protect from light. 

9. Primary and secondary incubation steps using, e.g., anti c-myc 
as primary and alkaline phosphatase goat- anti mouse as sec- 
ondary (Invitrogen, Carlsbad, CA, USA). 

1 . PELCO BioWave® Pro Laboratory Tissue Processing System 
equipped with PELCO ColdSpot® Pro to increase rate of anti- 
body-antigen interactions. 

2. PELCO SteadyTemp™ load cooler for maintaining the tem- 
perature of the ColdSpot. 

3. Miniblotting containers (9.0 cm x 6.4 cm x 2.1 cm, Research 
Products International). 
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4. lOx TBS: 200 mM Tris, pH 7.6 and 1.37 M NaCl. Dilute in 
water to make lx TBS. 

5. Blocking buffer: 0.2% Tween-20 and 2% cold water fish 
gelatin diluted in lx TBS. 

6. TBST (TBS-Tween-20) wash buffer: lx TBS and 0.2% 
Tween-20. 

7. Next follows a suitable visualization reaction, such as, e.g., 
the alkaline phosphatase reaction. Reagents for this reaction 
are as follows: 

(a) lOx chromogenic reaction buffer: 1 M NaCl, 50 mM 
MgCl 2 , 1 M Tris-HCl, pH 8.8, store at room tempera- 
ture (RT), good for ~6 months. 

(b) NBT solution: 3.75% w/v. 

(c) BCIP solution: 5% w/v. 

8. Primary and secondary incubation steps using, e.g., anti 
c-myc as primary and alkaline phosphatase goat-anti mouse 
as secondary. 

9. Prestained molecular weight markers: Precision Plus protein 
standards (Bio-Rad). 

10. Denton DV-502 vacuum pump stand (Denton Vacuum 
USA, Moorestown, NJ, USA) for glow discharging. 

2.4. MWA ELISA 1 . PELCO BioWave® Pro Laboratory Tissue Processing System 

equipped with PELCO ColdSpot® Pro to increase rate of 
antibody-antigen interactions. 

2. PELCO SteadyTemp™ load cooler for maintaining the tem- 
perature of the ColdSpot®. 

3. Immulon 2HB strips (Thermolab systems, Franklin, MA, 
USA) that can each support 12 wells. 

4. lOx phosphate buffered saline (PBS): 56 mM Na 2 HP0 4 , 
10.6 mM KH 2 P0 4 and 1.54 M NaCl. Dilute in water to 
make lx PBS, pH 7.2. 

5. PBST (PBS-Tween-20) wash buffer: lx PBS and 0.05% 
Tween-20. 

6. Bovine serum albumin. 

7. Triton X-100. 

8. Dulbecco's Modified Eagle's Medium (DMEM) and fetal 
bovine serum (FBS) for antibody dilution (Gibco/BRL, 
Gaithersburg, MD, USA). 

9 . Detection reagents used: Primary FIV-2D4 monoclonal anti- 
body (14) to coat the ELISA plates and capture the antigen. 
Biotinylated monoclonal anti-mouse secondary antibody- 
FIV-4F2. Hybridomas for the monoclonal antibodies were 
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obtained from American Type Culture Collection. Strepta- 
vidin-horseradish peroxidase conjugate for final detection 
(KPL Protein Research Products, Gaithersburg, MD). 

10. 3,3^5 ,5'-Tetramethylbenzidine (TMB) (KPL Protein Research 
Products, Gaithersburg, MD, USA) as a substrate for horse- 
radish peroxidase. 

11. TMB stop solution (KPL). 



3. Methods 



3.1.SDS-PAGE 
and Electrophoretic 
Transfer 



32 MWA Dot Blotting 
Protein Detection 



The protocols described here were developed using a readily 
available protein as antigen and alkaline phosphatase (dot and 
western blots) or horseradish peroxidase (ELISA) in conjunction 
with appropriate primary and secondary antibodies (see Subhead- 
ing 2) for visualization. The protocols were used on both epitope 
tag-specific and sequence-specific antibodies. The results were 
comparable in both cases. This protocol is open for variations in 
terms of the utilization of other visualization reagents. 

1. SDS-PAGE was carried out according to Laemmli (15) (see 
Chapter "Non- electrophoretic bi-directional transfer of a 
single SDS-PAGE gel with multiple antigens to obtain twelve 
immunoblots" ) . 

2. Electrophoretic transfer was carried out according to Towbin 
et al. (16) (see Chapter "Detection of La/SS-B by Western 
Blot Using Nanogold-Tagged Antibodies and Silver 
Enhancement" ) . 

1 . Cut a piece of membrane suitable for use and place in a poly- 
propylene Petri dish. 

2. Spot the membrane with 2-5 \iL of protein to be assayed (~1 
mg/mL) and allow 15-20 min for sample binding. 

3. Place the membrane in Petri dish and cover with 1-2 mL of 
blocking buffer. 

4. Place the dish into microwave for a 6-min cycle (2 min on, 2 
min off, 2 min on). The microwave was set to 250 W cor- 
responding to a calibrated output wattage of 220 W and the 
ColdSpot® was set to 37 °C. These settings were used for all 
MWA steps (see Notes 1 and 2). 

5 . Pour off blocking buffer and immediately replace with pri- 
mary antibody solution (antibody diluted in blocking buffer) 
(see Note 3). Incubate for a 6-min cycle (2 min on, 2 min 
off, 2 min on) in the microwave. 



Improved Protein Detection Using Cold Microwave Technology 539 

6. Pour off primary antibody solution and wash four times with 
TBST for 1 min each in the microwave. 

7. Pour off TBST and immediately replace with secondary anti- 
body solution (antibody diluted blocking buffer) for a 6 -min 
cycle (2 min on, 2 min off, 2 min on). 

8 . Pour off secondary antibody solution and wash two times 
with TBST for 1 min each in microwave. 

9. Pour off TBST and wash two times with lx TBS for 1 min 
each (microwave). 

10. Develop the blot as you would for conventional protocol 
(see Note 4). 

3.3. MWA Western 1. Glow- discharge (see Notes 5 and 6) a miniblotting con- 
Blotting Protein tainer. 

Detection 2. After electrophoretic transfer, place membrane in the glow- 

discharged container and cover with 5 mL of blocking buffer 
(see Notes 7 and 8). 

3. Place the container into microwave for a 6-min cycle (2 min 
on, 2 min off, 2 min on). The microwave was set to 250 W 
corresponding to a calibrated output wattage of 220 W, and 
the ColdSpot® was set to 37 °C. These settings were used 
for all MWA steps (see Notes 1 and 2). 

4. Pour off the blocking buffer and immediately replace with 
primary antibody solution (antibody and blocking buffer). 
Incubate for a 6-min cycle (2 min on, 2 min off, 2 min on) 
in the microwave. 

5 . Pour off primary antibody solution and wash four times with 
TBST for 1 min each in the microwave. 

6. Pour off TBST and immediately replace with secondary anti- 
body solution (antibody and blocking buffer). Incubate for a 
6-min cycle (2 min on, 2 min off, 2 min on) in the microwave. 

7. Pour off secondary antibody solution and wash two times 
with TBST for 1 min each in the microwave. 

8. Pour off TBST and wash two times with lx TBS for 1 min 
each in the microwave. 

9. Develop the blot as you would for conventional protocol. 

3.4. MWA ELISA 1 . Coat Immulon 2HB ELISA strips with 50-|LiL mouse mono- 

clonal anti-FIV antibody (FTLV-2D4 MAb) at a concen- 
tration of 20 |Lig/mL (made in PBS pH 7.2) (see Note 9). 

2. Add 300 \iL of a 3% (w/v) BSA in PBS, pH 7.2 to the plates 
and block in the microwave for a 6-min cycle (2 min on, 2 min 
off, 2 min on). The microwave was set to 250 W and 30°C, 
and these settings were used for all subsequent MWA steps. 
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3. Wash the plate twice for 1 min with PBS containing 0.05% 
(v/v) Tween-20 (PBST). 

4. Add 10 (LiL of Triton-X 100 per well and subsequently add 
100 |LlL of various dilutions of the protein solution diluted in 
growth buffer to the wells. 

5 . Wash the plate four times for 1 min with PBST. 

6. Add 100 |LlL of primary antibody diluted in PBS containing 
3% FBS and incubate in microwave for a 6-min cycle (2 min 
on, 2 min off, 2 min on). 

7. Wash the plate three times with PBST. 

8. Add 100 (LiL of a 1:1,000 dilution of secondary antibody 
diluted in PBS containing 3% FBS and incubate in micro- 
wave for a 6-min cycle (2 min on, 2 min off, 2 min on). 

9 . Wash the plate five times for 1 min with PBST. 

10. Incubate for 20 min with TMB solution. 

11. Terminate the reaction with TMB stop solution after incu- 
bating the reaction for 20 min at RT (see Note 10). 

12. ReadO.D. at405nm. 



4. Notes 



1 . MWA steps are carried out without a lid on the Petri dish or 
blotting container. 

2. Calibrated output wattage settings are obtained as follows: 
Place a glass beaker containing exactly 1 L of water inside the 
cavity while the ColdSpot® is disconnected and incubate for 
2 min at a nominal power setting of 250 W while monitoring 
the temperature using a digital temperature gauge. The tem- 
perature difference prior to and after the incubation (A T) 
multiplied by 35 gives the true output wattage. 

3. In our experience, an approximately twofold higher anti- 
body concentration was necessary to attain signal intensities 
similar to those obtained with conventional methods. For 
example, a 1:2,500 dilution was used for MWA blots vs. a 
1:5,000 dilution used in the conventional protocol. 

4. Blot development was not carried out using the microwave 
in order to prevent overdevelopment and introduction of 
unnecessary background. However, an approximately two- 
fold background reduction is observed when conventional 
development is combined with all other steps carried out in 
the MWA mode. 



Improved Protein Detection Using Cold Microwave Technology 541 

5. Glow- discharging (in air) for 10 s at reduced atmospheric 
pressure using, e.g., the vacuum pump stand Denton DV-502 
(Denton Vacuum USA) renders the surface of the containers 
hydrophilic and allows the use of smaller reagent volumes. 
Volumes used in this protocol are half of those used for non- 
glow- discharged containers. Containers that have been treated 
in such a manner should be used within 20 min as they are 
extremely susceptible to air- borne contaminants. 

6. There are several methods of rendering surfaces more 
hydrophilic. However, glow- discharging in air ensures that 
a desired degree of hydrophilicity is achieved without intro- 
ducing any additional chemicals. Since glow- discharging takes 
place at low vacuum levels requiring only, e.g., a rotary pump, 
an inexpensive home -built system could be a worthwhile 
investment and be substantially cheaper than buying a com- 
mercial system (17). 

7. Because of the short incubation times employed in this pro- 
tocol, the prestained protein standards are retained on the 
western blot membrane (Fig. 2). This needs to be viewed in 
contrast to conventional blots where the standards are lost. 

8. Membrane must remain submerged during MWA steps, or 
rampant background is observed during blot development. 




Fig. 2. MWA western blot. Lanes a-g have been individually loaded as follows: (a) 
prestained protein standards (highlighted in kDa), (b) whole cell lysate, (c) late fraction 
(after peak elution), (d, e) peak fractions containing different amounts of the assayed 
protein, (f) nonreactive protein as negative control (with a mass of 12.5-kDa), (g) con- 
ventional western blot (positive control). This figure appeared in (12), Copyright © 
2008 Elsevier, Inc. 
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Fig. 3. Comparison of signal intensities for conventional ELISA (diamonds), MWA ELISA 
(circles), and a conventional protocol using times from MWA (triangles). Results pre- 
sented here are after background subtraction from negative control (DMEM without 
antigen). The values presented here are the averages of three independent readings. 
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The Immulon 2HB strips gave us a graded decrease in signal 
with increasing dilutions of the antigen (Fig. 3). Similar results 
were not obtained when the ELISA was performed with 96 -well 
microliter ELISA plates from Sumitomo Bakelite Co. Ltd. 

The stop solution was added after 20-min incubation of the 
enzyme with the substrate. As a general rule, add the stop 
solution immediately after a color reaction develops in the 
negative control. 
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TLC Blot (Far-Eastern Blot) and Its Applications 

Takao Taki, Tania Valdes Gonzalez, Naoko Goto-lnoue, 
Takahiro Hayasaka, and Mitsutoshi Setou 



Summary 

A simple method for transfer of lipids including phospholipids, glycolipids, and neutral lipids from a 
high-performance thin-layer chromatography (HPTLC) plate to a polyvinylidene difluoride (PVDF) 
membrane, called TLC blot (far-eastern blot), is presented. Lipids separated on a HPTLC plate are blotted 
quantitatively This procedure made it possible to purify individual lipids from a blotted membrane in 
a short time. Binding study, immunodetection, and mass spectrometric analysis are available for PVDF 
membrane. Furthermore, the world of molecular species imaging is opened by a scanning analysis with a 
combination of TLC blot and matrix- assisted laser desorption/ionization quadrupole ion trap time-of- 
flight mass spectrometer (TLC-Blot/MALDI-TOF MS). 

Key words: Thin-layer chromatography, TLC blot, Far-eastern blot, Glycosphingolipids, Phos- 
pholipids, PVDF membrane, Imaging mass spectrometry, MALDI-TOF MS, Immunostaining, 
Lipidomics 



1. Introduction 



Recently, much attention is focused on lipids and their metabolites. 
From studies on signaling and receptor-mediated transactivations, 
lipids in membranes are known to be engaged in the mediators 
or stimulators of cell behavior including cell growth, adhesion, 
differentiation, as well as apoptosis. Furthermore, "lipid raft," a 
microdomain of cell membrane obtained as detergent insoluble, 
is a new biological topic in biology (1-3). Cholesterol and sphin- 
golipids including gangliosides are major lipid components in the 
microdomain, and lipid rafts are involved in playing an important 
role in controlling cell signaling. From this scientific background, 
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analysis of lipids and their metabolites become more than ever 
important for understanding the biological mechanism. 

Thin-layer chromatography (TLC) is a classical but still quite 
powerful analytical method for all kinds of lipids. Lipid compositions 
of tissue extracts, quantitative determination, and their chemical 
identification can be analyzed from their mobilities in combination 
with chemical reactions and immunostaining on a TLC plate. Major 
advantages are as follows: (a) Method and equipment are simple. 
(b) Most of the lipids can be separated by selecting the solvent sys- 
tem, (c) Simultaneous visual comparison of many samples can be 
performed on one plate. Availability of TLC is further improved 
by transferring the separated lipids from the TLC plate to a plas- 
tic membrane. Difficulties in handling lipids on the silica gel- coated 
plate have been overcome. In 1984, Towbin et al. reported a trans- 
fer method for glycosphingolipids from a TLC plate to a nitrocel- 
lulose membrane (4). However, the transfer efficiency was not good 
enough and the membrane was not adequate for chemical detec- 
tion, because nitrocellulose membrane is unstable with acid, heat, or 
organic solvent treatment. We examined many kinds of plastic mem- 
branes for transferring lipids and finally, PVDF membrane was found 
to be the best with high capacity for binding amphiphilic molecules, 
and stable against heat, acid, and organic solvent. 

We took advantage of this powerful separation property of TLC 
and developed a transfer technology for lipids from an high-per- 
formance thin-layer chromatography (HPTLC) plate to a PVDF 
membrane, named TLC blot (far-eastern blot) (5). The transfer 
procedure is simple and rapid with high efficiency. Established lipid 
detection procedures such as chemical reagent, immunostaining, 
enzyme assay, and binding study are available for the blotted mem- 
brane (5-10). The transferred lipids on the membrane are stable 
and can be eluted with small amounts of methanol resulting in 
purification of individual lipid components without multicolumn 
chromatographic processes. Furthermore, imaging analysis of lipid 
molecular species on the PVDF membrane with ion- trap -equipped 
MALDI-TOF mass spectrometer (TLC-Blot/MALDI-TOF MS) 
opened a new gate of the lipidomics world. 



2. Materials for TLC 



2. 1. Equipment 



1 . TLC tank. 

2. Spray bottle. 

3. UV light (315 nm). 

4. Safety glass. 

5. Syringe (10 |LiL). 

6. Dryer. 



2.2. Reagents 
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1. HPTLC plate (10 x 10 cm, Merck). 

2. Lipid sample: Total lipids can be extracted from tissue or 
culture cells with 20 vol. of CHCl 3 :MeOH (2:1, v/v). 
For example, 100 mg of sample is mixed with 2 mL of 
CHCl 3 :MeOH, 2:1 for 1 day in a cold room. Most lipids 
can be extracted to a CHCl 3 -rich lower fraction. Tissue resi- 
due is removed by filtration. Lipid extract is adjusted to 2 
mL by the addition of methanol. An aliquot (5-20 |LiL) of 
the lipid extract is concentrated under N 2 gas and applied to 
the HPTLC plate. 

3. Spray reagent. 



2.2. 1. Primulin Reagent: 
For All Lipid Detection 



1. Stock solution: 100 mg of primulin is dissolved in 100 mL of 
water. 

2. Spray reagent: 1 mL of the stock solution is diluted in 100 mL 
of a mixture of acetone : water (4:1, v/v) . 

3. The HPTLC plate is sprayed with primulin reagent and the 
separated lipid bands are detected under UV light (315 nm) 
in a dark room. UV light glass should be used for protection 
of the eyes. 



2.2.2. Molybdenum Blue 
Reagent: For Phospholipid 
Detection 



3. 



Molybdenum three oxide 4.01 g is dissolved in 25 N sulfuric 
acid by heating (A solution). Molybdenum powder 180 mg is 
added to 50 mL of A solution and the solution is heated for 
15 min. After cooling, a clear upper solution was obtained by 
decantation (B solution). 

Spray reagent: The same volumes of A and B solution are 
mixed and the mixture is added to two volumes of water. 

The HPTLC plate is sprayed with the molybdenum blue 
(Dittmer reagent). After 5-10 min, a blue color remains on 
the bands of phospholipids. 



2.2.3. Orcinol Reagent: For 
Glycolipid Detection 



Orcinol 200 mg in 11.4 mL of sulfuric acid and then diluted 
in 100 mL of water. The HPTLC plate is sprayed with the 
orcinol reagent, and then the plate is heated on a hot plate at 
105°C for 5-10 min. Glycolipids are stained a purple color. 



2.2.4. Resorcinol Reagent: 
For Detection of Sialic 
Acid-Containing Lipids 



Resorcinol 200 mg is dissolved in 10 mL of water. Eighty mL of 
cone. HC1 and 0.25 mL of 0.1 M copper sulfate are added to the 
resorcinol solution and finally made up to 100 mL with water. 

The HPTLC plate is sprayed with the resorcinol reagent and 
covered with a glass plate. The plate covered with a glass 
plate is heated on a hot plate at 105°C for 5-10 min. Sialic 
acid-containing lipids are detected as blue-purple color 
bands. 
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2.2.5. Ninhydrin 
Reagent: For Amino 
Group-Containing Lipid 
Detection 



2.3. Solvent Systems 
for Developing 

2.3. 1. For Neutral Lipids 



1. Ninhydrin 300 mg is dissolved in 100 mL of 3% acetic acid- 
containing butanol. 

2. The HPTLC plate is heated at 100°C for 10 min, and then 
the ninhydrin reagent is sprayed onto the plate. Amino group - 
containing lipids are stained a pink color. 



1. Hexane:diethylether (70:30, by vol.). 

2. Petroleum ether: ditheylether: acetic acid (70:30:1, by vol.) 



2.3.2. For Ceramides 

2.3.3. For Total Phos- 
pholipids 



1. CHCl 3 :MeOH(95:5,byvol.). 

1. Methylacetate:^-propanol:CHCl 3 :MeOH:0.25%KCl 
(25:25:25:10:9 by vol.). 

2. CHCl 3 :MeOH:0.2% CaCl 2 (65:25:4, by vol.). 



2.3.4. For Gangliosides 



1. CHCl 3 :MeOH:0.2% CaCl 2 (60:40:9, by vol.) 

2. ^-propanol:0.25% KC1 (3:1, by vol.). 



2.4. Reagent and 1 . 

Equipment for TLC 

Blot (Far-Eastern Blot) 2 



Blotting solvent mixture: Isopropanol: 0.2% CaCl 2 : MeOH 
(40:20:7, by vol.). 

Thermal blotter (AC-5970, ATTO Co., Ltd.). 



2.5. Reagents for TLC 
Immunostaining 



1. 0.1% Bovine serum albumin (BSA)/phosphate- buffered saline 
pH 7.4 (PBS). 

2. 0.1% BSA/1% reconstituted powdered milk in PBS. 

3. First antibody solution: Anti-sialyl oc2-6paragloboside solu- 
tion; l-|Lig mouse IgM-type monoclonal antibody/mL 0.1% 
BSA/PBS. 

4. Second antibody solution: Horseradish peroxidase -conjugated 
anti-mouse IgM antibody solution. A 500-1,000 diluted with 
0.1% BSA and 1% reconstituted powdered milk in PBS is used. 

5. HPTLC plate: 10 cm x 10 cm silica gel 60, 0.25 -mm thick- 
ness (Merck, Darmstadt, Germany). 

6. Peroxidase detection reagent: 4-Chloro-l-naphthol solution 
(100 |LiL of 3% 4-chloro-l-naphthol in ethanol in 10 mL of 
Tris-HCl, pH 7.5 plus 10 |LiL of 30% H 2 2 ). This reagent 
should be prepared just before use. 

7. PVDF membrane: Clear blot membrane -P (ATTO Co. Ltd.). 

8. Teflon Membrane: PTFE membrane AC 5973 (ATTO Co 
Ltd.). 
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2.6. Materials for 
Mass Spectrometry 



9. Glass fiber filter: AC 5972 (100 mm x 100 mm) (ATTO 
Co. Ltd.). 

10. Parafilm. 

11. 0.4% Polyisobutylmethacrylate ( PIM solution : 2 . 5 % polyisobutyl- 
methacrylatein CHC1 3 is diluted to 0.4% with hexane). 

12. 0.1% BSA and 1% reconstituted powdered milk in PBS. 

1. AXIMA-QIT mass spectrometer (Shimadzu; Kyoto Japan). 

2. 2,5-Dihydroxy benzoic acid (DHB). 



3. Methods 



3.1. TLC 



3.2. TLC Blot (Far- 
Eastern Blot) Proce- 
dure (5) 



1. Before developing the plate, the TLC tank should be satu- 
rated with developing solvent. 

2. One cm from the bottom, widths of 5 mm are marked with 
a soft pencil (6B). 

3. The lipid sample diluted in 2-5 |LiL CHCl 3 :MeOH (2:1) is 
carefully and evenly applied on these pencil marks. 

4. After applying the sample, the HPTLC plate is heated by a 
dryer for 1 min and then developed in a TLC tank with the 
preferred developing solvent. 

5 . When the solvent front reaches about 7-8 cm from the bot- 
tom, the plate is taken and the solvent on the plate is removed 
with a dryer. 

Figure 1 shows typical separation profiles of total lipid extracts 
of culture cells and brain tissue using two different solvent systems. 

1 . The developed HPTLC plate is sprayed with primulin reagent. 

2. After drying the plate, the separated lipid bands are visual- 
ized under UV light (315 nm). Use UV-cut glass for protec- 
tion of the eyes. 

3. The lipid bands are marked with a soft red-color pencil (so 
as not to damage the surface of the HPTLC plate). 

4. The plate is dipped in a blotting solvent for 10 s. 

5. Take the plate and cover the plate with a PVDF membrane 
immediately. Then, Teflon membrane and glass filter paper 
are mounted. 

6. This assembly is transferred to a TLC thermal blotter that is 
heated at 180° C in advance. If this apparatus is not available, 
180°C heated iron is available for blotting. 
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Thin-layer Chromatography 
Phospholipids Gangliosides 
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Fig. 1 . Thin-layer chromatography (TLC) of phospholipids (a) and gangliosides (b). (a) Phospholipids were developed on 
the HPTLC plate with a solvent mixture of methylaetate:n-propanol:CHCI 3 :MeOH: 0.25% KCI (25:25:25:1 0:9 by vol.). SPG 
sialylparagloboside, GM3 sialyllactosylceramide. (b) Gangliosides were developed on the HPTLC plate with a solvent 
mixture of CHCI 3 :MeOH:0.2% CaCI 2 (60:40:9, by vol.). SPM sphingomyelin. Primulin reagent was sprayed for detection. 



3.3. Application of TLC 
Blot (5) 

3.3. 1. Immunostaining on 
PVDF Membrane 

3.3.2. Immunostaining on 
the HPTLC Plate 



7. Press the assembly for 30 s and take the PVDF membrane. 
Lipids separated on the HPTLC plate are transferred with a 
red pencil marker. You will find the lipids with the blotted 
pencil marks. 

8. The PVDF membrane is washed with water to remove primu- 
lin reagent. 

The whole procedure is shown in Fig.2. 

Figure 3 shows immunostaining of sialyloc2-6paragloboside. Var- 
ious amounts of antigen glycolipid are separated on two HPTLC 
plates. One plate is used for immunostaining on a HPTLC plate. 
The other plate is used for TLC blot followed by immunostain- 
ing on PVDF membrane. 

1. The HPTLC plate is immersed in 0.4% of PIM solution for 
30-60 s. 

2. After drying the plate, the first antibody dissolved in 1% BSA/ 
PBS is mounted by a Pasteur pipette. The antibody solution is 
spread on the plate with Parafilm. 

3. The first antibody solution mounted on the plate is covered 
with Parafilm, and the plate is placed in a humidified box 
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Fig. 2. Scheme of TLC blot (far-eastern blot) (reproduced from (10) with permission from Elsevier Ltd.). 
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Fig. 3. Immunostaining of antigen lipid on the HPTLC plate and PVDF membrane, (a) Immunostaining of antigen gly- 
cosphingolipid (sialyloc2-6paragloboside) on the HPTLC plate, (b) Immunostaining of antigen glycosphingolipid on the 
TLC-blotted PVDF membrane. The same amounts of antigen glycosphingolipid were developed on two HPTLC plates. 
One plate was used for TLC immunostaining. The other was used for TLC blot, and immunostaining was performed on 
the blotted PVDF membrane. The sensitivity of staining is much higher on the PVDF membrane, because the lipids are 
transferred to one side of the PVDF membrane, resulting in concentrating the lipids by blotting (reproduced from (5) with 
permission from Elsevier Ltd.). 
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with water. After leaving at 4°C overnight, the Parafilm is 
removed and the antibody solution is washed out with 0.1% 
BSA/PBS. 

4. The second antibody, horseradish peroxidase -conjugated anti- 
mouse immunoglobulin, is mounted, and the HPTLC plate is 
covered with Parafilm. Incubation is conducted at room tem- 
perature (RT) for 1 h. 

5. The Parafilm is removed and the second antibody solution is 
washed with 0.1% BSA/PBS. 

6. The horseradish peroxidase-conjugated second antibody 
bound on the antigen lipid band is detected by peroxidase 
detection reagent. 

7. When the color of the reaction product appears, the surface of 
the HPTLC plate is washed with water carefully (Fig. 3a). 



3.3.3. Immunostaining on 
PVDF Membrane (5) 



1. Antigen glycolipid- blotted PVDF membrane is washed with 
water, and then incubated with the first antibody solution in a 
plastic bag at 4°C overnight. 

2. The PVDF membrane is washed six times with 0.1% BSA/ 
PBS, and then incubated with the second antibody solution in 
a plastic bag for 1 h at RT. 

3. The PVDF membrane is washed six times with 0.1% BSA/ 
PBS, and then incubated with horseradish peroxidase detec- 
tion reagent (Fig. 3b). 

4. When the color of the reaction product appears, the mem- 
brane is washed with water. 



3.4. Purification of 
Individual Lipids by 
TLC Blot (6) 



Isolation and purification of individual lipid components from 
total lipid extracts is the most difficult point. Many chroma- 
tographic combination technologies have been used to isolate 
each lipid component; however, the yield is quite poor and it 
is still time consuming with large amounts of organic solvents. 
TLC blot cleared all these time-consuming technological 
problems. 



3.4. 1. Isolation of Meconium 
Glycosphingolipids with 
TLC Blot 



1. About 20 |Lig of meconium lipid is applied to TLC. Lipids are 
separated by two-dimensional TLC. For the first and second 
solvent system, the same solvent system, CHCl 3 :MeOH:0.2% 
CaCl 2 (60:40:8, by vol.), is used. 

First dimension: A lipid sample dissolved in 5 (LiL of CHC1 3 :- 
MeOH (2:1) is applied on a HPTLC plate with a 3-mm width. 

2. The plate is developed until the solvent top reaches 8 cm from 
the bottom. The plate is taken and dried completely, and then 
developed again to 8 cm. 
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3. After drying the plate completely, the plate is turned 90° 
and developed with the same solvent system as the first 
dimension. 

4. After drying the plate, primulin reagent is sprayed onto the 
plate and the separated lipids are made visible under UV light 
(Fig.4a). 

5. Visualized bands are marked with a soft drawing pencil. 

6. The HPTLC plate is employed for TLC blot. Separated lipid 
bands are transferred with the pencil marks (Fig.4b). 

7. Individual lipids marked with a pencil are separated with a cut- 
ter knife and transferred to a small glass test tube containing 
50|LiLofMeOH. 

8 . The lipid extracted with methanol from the PVDF membrane 
is applied to the HPTLC plate to confirm the separation using 
the same developing solvent system. 

9 . The separated lipids on the HPTLC plate are made visible by 
orcinol reagent. (Fig.4c). Twenty lipid bands separated by the 
HPTLC plate are successfully purified by the one -step TLC 
blot procedure. 




Purification of Glycosphingolipids by 
TLC Blot (Far -eastern Blot) 



\ 



Far-eastern blot 





12 3 4 5 6 7 8 9 10 11 12 1314 15 16 17 18 19 20 t 

Orcinol reagent detection 



Fig. 4. Purification of glycosphingolipids by TLC blot (far-eastern blot): Glycosphingolipids of meconium (20 jig) were devel- 
oped with two-dimesional TLC. (a) Separated lipids were made visible under UV light after spraying the plate with primulin 
reagent and marking with a soft drawing pencil (6B). (b) The separated lipids were transferred to a PVDF membrane 
together with pencil marks, (c) The marked areas were cut and used for lipid extraction with methanol. Each extract was 
applied to TLC and made visible by oricinol reagent (reproduced from (6) with permission from Elsevier Ltd.). 
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3.5. Application to Lipi- 
domics with a Com- 
bination of TLC Blot 
and lon-Trap-Equipped 
MALDI-TOF MS (TLC 
Blot/MALDI-TOF MS) 



Lipids transferred to a PVDF membrane have been used for 
mass spectrometric analysis directly by secondary ionization 
mass spectrometric analysis (7, 8). Combination with TLC- 
blot and MALDI-TOF MS (TLC-BLOT/MALDI-TOF MS) 
provides both the molecular mass and the structural infor- 
mation of glycosphingolipids, e.g., sugar sequences, without 
purification processes. Very recently, remarkable advances in 
MALDI-TOF MS ion trap instruments have enabled analysis 
with high mass accuracy and sensitivity. Taking advantage of 
this equipment, we can directly analyze lipids transferred on 
the PVDF membrane. 



3.5.1.TLC Blot/MALDI- 
TOF MS 



MALDI-TOF MS analyses are performed using an AXIMA-QIT 
mass spectrometer (Shimadzu; Kyoto Japan) in negative and 
positive ion mode. 

Ionization was performed with a 337-nm pulsed N 2 laser. 
The ion trap chamber was supplied with two separate, independ- 
ent gases: helium and argon. A continuous flow of helium gas 
was used for collisional cooling. Pulsed gas, argon, was used to 
enhance ion cooling and collision -induced fragmentation. Pre- 
cursor and fragment ions obtained by collision-induced disso- 
ciation (CID) were ejected from the ion trap and analyzed by a 
reflectron TOF detector. The mass spectra were assembled from 
100 to 300 accumulations of the profile obtained by two laser 
shots. 2,5 -DHB solution (20-30 |LiL) was deposited sufficiently 
to lipids on the PVDF membrane. The crystallization process was 
accelerated under a gentle stream of cold air. Then, pressing the 
PVDF membrane thoroughly is an important process for achiev- 
ing good mass spectra. The PVDF membrane was completely 
attached to a MALDI sample plate with electrified double-adhesive tape 
to reduce charge-up of the plate. 



3.5.2. Imaging Mass 
Spectrometry 



The raster scan on the PVDF membrane was performed auto- 
matically. The number of laser irradiations was five shots in each 
spot. The interval of data points was 100 |Lim, giving a total of 
2,061 data points. Two-dimensional ion density maps were cre- 
ated using image reconstruction software (BioMap, Novartis, 
Basel, Switzerland). 

Phospholipids separated on a HPTLC plate are transferred to 
a PVDF membrane. 

The pencil-marked area is analyzed with AXIMA-QIT mass 
spectrometer. 

Fig. 5 a shows a typical MS profile of phosphatidylcholine (soy 
bean lecithin). The distribution of fatty acid molecular species 
of phosphatidylcholine on the PVDF membrane is scanned and 
exhibited as a fingerprinting profile (Fig. 5b). 

Figure 6 shows the TLC blot (far- eastern blot) and its appli- 
cation. 
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Fig. 5. TLC blot/MALDI-TOF MS of phosphatidylcholine and its imaging analysis, (a) Mass spectrometric analysis of phos- 
phatidylcholine on a transferred membrane. PE phosphatidylethanolamine, PC phosphatidylcholine, (b) Mass imaging 
of phosphatidylcholine. The distribution of molecular species of phosphatidylcholine band transferred from the HPTLC 
plate to a PVDF membrane is shown. C38:4 means a possible combination of fatty acid constituents (C18:0 and C20:4) 
of phosphatidylcholine: C38:3 (C1 8:2 and C20:1) or (C18:1 and C20:2); C36:2 (C1 8:0 and C1 8:2) or (C18:1 and C18:1); 
C34:1 (C1 6:0 and C18:1) or (C16:1 and C18:0); and C36:1 (C1 8:0 and C18:1), respectively. Shorter-chain fatty acid- 
containing phosphatidylcholine moved slower than those containing longer chains with highly unsaturated fatty acids. 
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Fig. 6. Sheme of TLC blot and its applications (reproduced from (10) with permission from Elsevier Ltd.). 
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Chapter 56 



A Brief Review of Other Notable Protein 
Detection Methods on Blots 

Biji T. Kurien and R. Hal Scofield 



Summary 

Several methods have been used for detecting proteins on membranes. These include the use of quan- 
tum dot luminescent labels, oxyblot immunochemical detection, polymer immunocomplexes, "coupled" 
probing approach, in situ renaturation of proteins for detecting enzyme activities in crude or purified 
preparations, immunochromatographic assay, western-phosphatase assay, and the use of Congo red dye, a 
cosmetic color named Alta, Pro-Q Emerald 488 dye, or amine -reactive dye in combination with alkaline 
phosphatase and horseradish peroxidase-antibody conjugates for the simultaneous trichromatic fluoures- 
cence detection of proteins. Several methods have been used to improve the detection of proteins on 
membranes, including glutaraldehyde treatment of nitrocellulose blots, elimination of keratin artifacts in 
immunoblots probed with polyclonal antibodies, and the washing of immunoblots with excessive water 
and manipulation of Tween-20 in wash buffer. These methods are briefly reviewed in this chapter. 

Key words: Protein detection, Membranes, Background reduction, Dyes, Quantum dot lumines- 
cent labels 



1-Two-Dimen- 
sional Oxyblot 



Oxidative modification of proteins by free radicals has been 
implicated in several diseases including Alzheimer's disease 
(AD) (1, 2). Protein carbonyl formation is considered to be 
a detectable marker of protein oxidation and it is increased in 
AD. The level of carbonyls is higher in areas where the his- 
topathology of the disease is more pronounced. Formation 
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of carbonyls is thought to be due to reactive oxygen species 
(ROS) -mediated oxidation of amino acid side chains or by cov- 
alent binding to lipid peroxidation products or glycoxidation 
(3). Unless the oxidative modification process brings about pro- 
tein aggregation resulting in deposition of proteolysis-resistant 
protein aggregates (4), oxidized proteins are more susceptible 
to degradation by specific proteases (5). Increased production 
of ROS and oxidative modification of proteins in the brain has 
been noted in AD pathology (2), thus suggesting the involve- 
ment of protein oxidation in the neurogenerative processes 
peculiar to AD. 

By coupling two-dimensional (2D) gel fingerprinting of 
oxidized proteins and immunochemical detection of protein 
carbonyls, the identification of protein targets of oxidative 
modification, which could help in establishing a relationship 
between oxidative modification and neuronal death in AD, has 
been achieved (6). Since this procedure was laborious, resulting 
in identification of only a few oxidized proteins Caste gna et al. 
(2) coupled 2D fingerprinting with immunological detection 
of carbonyls and mass spectrometric identification of proteins. 
Such an approach led them to identify specific protein targets of 
oxidative modification. 



7. 1. Protein Carbonyl 
Derivatization 



To each brain sample (obtained at autopsy from AD patients), 
2,4-dinitrophenylhydrazone (DNP)/HC1 was added (for 
mass spectrometry analysis only HC1 was used). Samples 
were precipitated with ice-cold trichloroacetic acid following 
a brief incubation. Samples were centrifuged and the pre- 
cipitate was resolubilized in urea. DNPH-treated samples of 
brain proteins from AD and control subjects were used for 
one-dimensional (ID) and 2D immunoblotting analysis of 
protein carbonyls (6). 



1.2. Oxyblot Immuno- 
chemical Detection 



The ID and 2D gels were electrotransferred to nitrocellu- 
lose or PVDF. After blocking with bovine serum albumin, 
the membranes were incubated with anti-DNP polyclonal 
antibody. Following addition of appropriate alkaline phos- 
phatase secondary antibody the blots were developed with 
NBT (nitro blue tetrazolium)/BCIP (5-bromo-4-chloro- 
3-indolyl phosphate) substrate. The blots were dried and 
scanned. Matrix-assisted laser desorption/ionization time of 
flight (MALDI-TOF) mass spectrometry of trypsin-digested 
spots from a Coomassie Blue-stained 2D gel was also carried 
out for protein identification (2). Using this procedure the 
authors identified creatine kinase BB, glutamine synthase, 
and ubiquitin carboxy-terminal hydrolase L-l as the targets 
of oxidative modification in AD. 



A Brief Review of Other Notable Protein Detection Methods on Blots 



559 



2. Bioconjugation 
of Quantum Dot 
Luminescent 
Probes for West- 
ern Blot Analysis 



Detection of multiple antigens is usually done by stripping and 
reprobing a blot with transferred protein. Krajewski et al. (7) 
showed that it is possible to detect multiple antigens on a single 
blot without stripping off antibodies that have been added first 
by employing sequential reactions. By employing multiple fluo- 
rescent probes made from small organic dye molecules it is also 
possible to detect multiple antigens on a single blot without 
stripping off antibodies (8) {see Chapters " 'Rainbow' Western 
Blotting" and "Multiple Antigen Detection Western Blotting"). 
However, such probes have several limitations. Most of these 
problems can, however, be eliminated by the use of quantum dot 
(QD) luminescent labels (9). 

QDs are semiconductor nanopar tides (e.g., CdSe, Inp, InAs) 
(having diameters of 2-10 nm) whose fundamental physical prop- 
erties are influenced by quantum confinement effects (10). QDs 
display absorption and emission peaks that progressively change 
to longer wavelengths with increasing particle size. Compared 
with standard fluorescent dyes QDs have significant advantages. 
Dyes, for example, have narrow absorption bands, and there- 
fore it is difficult to excite several colors with a single excitation 
source. In addition, the broad spectral overlap between emis- 
sions of dyes necessitates complex mathematical analysis of the 
data. In comparison, QDs possess a narrow, tunable, symmetric 
emission spectrum allowing a larger number of probes within a 
detectable spectral region. A single light source can be used to 
excite different size populations of QDs. This makes it possible to 
develop simpler and more cost-effective instrumentation for mul- 
tiplex detection of biomolecules. Compared with organic dyes, 
QDs are considerably more stable against photobleaching (11). 
This property is important, especially for imaging applications, 
where the high photostability of QDs permits real-time monitor- 
ing of intracellular processes over longer periods of time (12). 
QDs show large Stokes shifts (the difference between the maxi- 
mum absorbance and emission wavelengths). In contrast to the 
use of fluorescent proteins (e.g., green fluorescent protein), this 
property permits the target signals to be clearly separated from 
autofluorescence and thus enables the entire emission spectra to 
be collected. 

Makrides et al. (9) show a novel method of conjugating anti- 
bodies (primary or secondary) to QD, allowing the easy genera- 
tion of QD- based probes for the multiplex detection of proteins 
in western blots. They used the immunoglobulin G (IgG)- 
binding Z domain, which is based on the B domain of Staphy- 
lococcus aureus protein A. The Z- affinity tag (6.5 kDa) is highly 
specific for its ligand, IgG Fc, and can easily be purified by affinity 
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chromatography using IgG-sepharose. It has been shown earlier 
that the divalent ZZ domain showed ten times higher affinity for 
its IgG ligand compared with the monovalent Z domain. The 
authors designed a ZZ protein fused to a peptide that is bioti- 
nylated in vivo (by biotin protein ligase, the birA gene product), 
followed by a six-histidine tag. Bacteria were used to produce the 
biotinylated ZZ tag and was purified over a monomeric avidin 
or Ni 2+ -NTA column and attached to streptavidin- coated QDs. 
Such a technology enables the biospecific coupling of any anti- 
body to the functionalized QDs (9). 

Proteins electrotransferred to PVDF membranes were 
washed with TBST (Tris- buffered saline containing 0.1% Tween- 
20) and then blocked. The membranes were then incubated with 
the diluted primary antibody in blocking buffer and washed. The 
membrane was then incubated with QD 565 -ZZ or QD 655 -ZZ nan- 
oparticles conjugated to secondary antibody. Following washing 
the protein bands were visualized using long-wavelength ultra- 
violet irradiation (9). 

The authors detected two different proteins simultaneously 
on the same blot by probing first with primary antibodies, fol- 
lowed by incubation with QD 565 -ZZ or QD 655 -ZZ nanoparticles 
or both, conjugated to secondary antibodies (9). 



3. Simultane- 
ous Trichromatic 
Fluourescence 
Detection of 
Proteins on West- 
ern Blots Using an 
Amine-Reactive 
Dye in Combina- 
tion with Alkaline 
Phosphatase and 
Horseradish Per- 
oxidase-Antibody 
Conjugates 



Duplicate gels are often required, for general protein staining 
and the other for immunoblotting, for concurrently visualizing 
total protein profile and a specific protein by immunoblotting. 
It is also possible to immunodetect two antigens by stripping the 
antibody complexes from the original blot and reprobing with 
another antibody. However, changes in gel size relative in the 
blot occur as a result of gel shrinkage, swelling, or other artifacts 
of electrophoresis, making definitive identification of protein 
bands/spots unreliable. 

Martin et al. (13) report the use of an improved trichromatic 
detection procedure using 2-methoxy-2,4-diphenyl-2(2i 1 f)- 
furanone (MDFF) for the detection of total protein profiles, a 
red-fluorogenic substrate 9i^-(l,3-dichloro-9.9-dimethylacri- 
din-2-one-7-yl) phosphate (DDAO phosphate) to detect alka- 
line phosphatase conjugates, and Amplex gold reagent to detect 
horseradish peroxidase conjugates. The authors refer to this 
method as the "DyeChrome Double western blot stain." Using 
this procedure two different targets can be identified, when using 
conventional enzyme conjugates or secondary antibodies, as long 
as primary antibodies from two different species are employed in 
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the analysis. For instance, one primary antibody could be raised 
in mouse while the other in rabbit. However, by using Zenon 
antibody labeling technology (13) two antibodies from the same 
species could be utilized on the same blot. 

Following protein blotting, membranes were equilibrated in 
sodium borate buffer. MDPF in sodium borate buffer was added to 
the blot after removing the buffer. Following several washing steps 
the membrane was blocked. Both primary antibodies were pre- 
pared and added to the membrane after the blocking step. Second- 
ary antibodies were added after washing the membrane. DDAO 
phosphate and Amplex gold dye were added and signals were visu- 
alized using ultraviolet epi-illumination and photography. 



4. A New Immu- 
noblotting Method 
Using Polymer 
Immunocom- 
plexes: Detection 
of Tsd and Tsc2 
Expression in Vari- 
ous Cultured Cell 
Lines 



In biological research the detection of protein expression is impor- 
tant for functional analysis of gene products. One of the most use- 
ful conventional methods for this purpose is western blotting. It 
is, however, sometimes difficult to get antibodies with sufficiently 
high titer, especially when effective antigenic regions are unknown. 
High concentrations of secondary antibodies and/or long expo- 
sure times are essential when using low titer antibodies. In such a 
scenario secondary antibodies sometimes have a tendency to bind 
to membranes directly, leading to nonspecific bands. 

Fukuda et al. (14) use a polymer immunocomplex method 
to effectively reduce the background in immunostaining of tissue 
sections and also to improve the specificity and sensitivity of west- 
ern blotting. The authors obtained low titer rabbit antibodies 
against tuberous sclerosis proteins (Tscl and Tsc 2). While they 
obtained high background binding at first using these antibodies, 
they have used the polymer immunocomplex method to reduce 
background binding by these antibodies. 

In this method, polyclonal primary or antigen preabsorbed 
antibodies were diluted and mixed with Envision polymer 
(DAKO) to generate immunocomplexes of primary and sec- 
ondary antibodies. This polymer is an immunological reagent in 
which secondary antibodies are conjugated with several horserad- 
ish peroxidase molecules (HRP) via dextran polymer. Following 
this, normal rabbit serum was added and mixed with antibody 
solutions in order to mask the "free" antigen binding sites of 
Fab domains of secondary antibodies. The solution was applied 
to blocked membranes. The authors used biotinylated species - 
specific secondary antibodies and HRP -conjugated strep tavidin 
for traditional biotin-streptavidin detection following washing of 
the membranes. 
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5. Washing of 
Immunoblots with 
Excessive Water 
and Manipulation 
of Tween-20 in 
Wash Buffer for 
Reducing Back- 
ground in Western 
Blotting 



There are some important steps that need to be taken for avoiding 
high background staining and unacceptable results. Wu et al. (15) 
show that of all other factors that can cause high background, inef- 
ficient washing of the membrane is the main cause. In addition, they 
use a lower Tween-20 concentration (0.02-0.005%) in the buffer 
for the reaction with antibody and a higher concentration (0.05%) 
in the phosphate buffered saline-Tween-20 (PBST) wash buffer. 

Following standard electrophoresis and blotting to presoaked 
Immobilon-P membrane (Millipore, Bedford, MA, USA) the 
membrane was blocked and incubated with primary antibody. 
The major changes to standard immunoblotting occur from this 
stage onward, mainly in membrane washing and in the compo- 
sition of buffer used for diluting antibody. The membrane was 
rinsed five times with distilled or deionized water followed with 
one 5-min wash with PBST. The authors have found that five 
rinses are enough to remove unbound antibody and the 5-min 
wash with the buffer was sufficient to make the pH and ionic 
strength appropriate for interaction with antibody. The wash after 
secondary antibody incubation was also repeated similarly. 

The authors report better background reduction using the 
chemiluminiscence technique with their method of immunode- 
tection compared with that obtained with classical immunode- 
tection with chemiluminiscence. There are two advantages by 
washing with water coupled with a single buffer wash compared 
with the conventional washing with buffer alone. First of all, it 
is possible to use large volumes of water without significantly 
increasing the cost or labor involved. Second, water has a lower 
ionic strength and therefore removes excess antibodies and other 
molecular contaminants more efficiently (owing to its lower ionic 
strength it can absorb both solute and solvent molecules). The 
authors have found no membrane damage or stripping of blotted 
proteins on account of this excessive water washing. The authors 
also report obtaining high-quality, reproducible protein blots 
with significantly lower background using this procedure. This 
method was found to be applicable to a variety of proteins under 
different experimental conditions (15). 



6. Elimination of 
Keratin Artifacts 
in Immunoblots 
Probed with Poly- 
clonal Antibodies 



Ever since silver staining of protein in sodium dodecyl sulfate 
(SDS) polyacrylamide gels (16) had become common it became 
clear that contaminating protein bands are often present in protein 
patterns. It was first thought that these bands were artifacts owing 
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to the use of (3-mercaptoethanol, since they appeared only under 
reducing conditions (17). Skin keratins were suspected to be 
responsible for these undesirable bands resulting from the con- 
tamination of protein samples or the buffers used for SDS-PAGE 
(18). This observation was consistent with the fact that, under 
nonreducing conditions, interchain disulfide linkages occurring 
between keratin molecules may prevent entry into polyacrylamide 
gels (19). Also, these artifacts were not present when monoclonal 
antibodies were used. To eliminate these artifacts, the only way, 
until Berube et al. described the adsorption of rabbit polyclonal 
antiserum on skin keratins, was to take great care to avoid keratins 
during sample preparation or performing SDS PAGE (19). 

The authors prepared the keratins, used in adsorbing the 
sera, from human skin. They first obtained the skin specimens 
from the hospital they worked in and later obtained large quanti- 
ties of human squamous keratin obtained from the feet from local 
estheticians. They froze the human keratin in liquid nitrogen and 
then pulverized it to a powder using a mortar and pestle. The 
powder was washed by centrifugation and incubated with shak- 
ing in Tris-buffered saline (TBS) containing Nonidet P40. The 
detergent was removed by six successive centrifugations of the 
keratin in TBS. Following the final spin, the keratin was frozen at 
-80°C until use. Preimmune or immune sera (3 volumes) were 
adsorbed on keratin (1 volume) for a minimum of 2 h under 
agitation. After this the sera were spun and recovered and used in 
western blotting. Thus, it was shown that the quality of immuno- 
logical detection could be improved by adsorption of the rabbit 
polyclonal antiserum on skin keratins (19). 



7. A Simplified 
"Coupled" Probing 
Approach for the 
Detection of Pro- 
teins on Dot and 
Western Blots 



Sundaram (20) describes a novel "coupled blotting" approach 
that used simultaneous probing of antigens on dot and western 
blots with primary and secondary antibodies. The author used the 
highly sensitive enhanced chemiluminescence (ECL) detection 
system, purified E7 protein of cottontail rabbit papillomavirus 
(CRPV), and E7-specific antibodies. The abilities of sequential 
primary antibody followed by secondary reagent and coupled 
treatments to detect E7 protein on blots were compared and it 
was found that there was no reduction in signal strength after 
coupled probing. This coupled probing procedure, involving the 
addition of the primary and secondary antibodies together in one 
incubation, has the advantage of saving hands-on time and buffer 
solutions compared with the standard procedure. The coupled 
blotting has been shown to be useful for the rapid detection of 
proteins without compromising quality. 
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8. Staining Proteins 
on Nitrocellulose 
with Congo Red 
Dye 



Protein visualization on nitrocellulose is a procedure that is rou- 
tinely carried out in enzymology, molecular biology, and pro- 
tein chemistry. Staining with Ponceau S dye and amido black 
has been popular (see Chapter "Protein Stains to Detect Anti- 
gen on Membranes"). Congo red (an anionic dye) binds with 
carboxymethyl cellulose (CMC) but not with degraded CMC, 
a property that has been exploited for detection of endogluca- 
nase activity in agar (21). The observation of a blue or violet 
band while detecting the enzyme activity in gel, showing that 
it interacted with protein, encouraged Mehta and Rajput (22) 
to develop a staining method on nitrocellulose membrane using 
Congo red dye. 

A stock solution of Congo red dye (Reidel, Germany) was made 
in distilled water and stored at room temperature. A working solu- 
tion of this was made by diluting 1 mL of the stock solution with 9 
mL of 0.2 M acetate buffer (pH 3.5; while diluting, some dye was 
found to become insoluble without affecting the results obtained). 

The nitrocellulose membrane was immersed for 5 min at 
room temperature in the diluted Congo red dye immediately 
following transfer of proteins from sodium dodecyl sulfate poly- 
acrylamide gel (10%). The staining was stopped by washing the 
membrane with distilled water. The membrane was destained 
with water until brown bands against a light pink background 
became visible. The membrane was shaken mildly during both 
staining and destaining. The dye was found to stain widely dif- 
ferent proteins. The method was found to detect up to 500 ng 
within 10 min. The sensitivity was found to be higher than that 
obtained with Ponceau S. Staining of blots with India ink is capa- 
ble of detecting as little as 80 ng of protein, but the staining 
procedure takes several hours. Therefore, for qualitative purposes 
Congo red dye staining of nitrocellulose offers a quick method to 
detect proteins. If sensitivity is a prime concern, then alternative 
staining procedures such as colloidal gold staining could be the 
method of choice (22). 



9. Staining of Pro- 
teins on SDS Poly- 
acrylamide Gels 
and on Nitrocellu- 
lose Membranes by 
Alta, a Color Used 
as a Cosmetic 



Pal et al. (23) describe the use of Alta, a preexisting scarlet-red 
stain used for cosmetic purposes, for staining gels and nitrocel- 
lulose membranes during western blot analysis. Alta is made 
of 0.8% Crocein scarlet (brilliant Crocein) and 0.2% Rhodamine B. 
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It is inexpensive and easy to use, while being almost as sensitive 
as Coomassie Blue R-250. This stain has been used in some 
parts of India by women as a cosmetic to decorate their feet. 
For western blot analysis, Alta (purchased from local market 
in Pune, India) is added in the upper tank buffer to a final 
concentration of 5% (v/v; 0.4% Crocein scarlet and 0.1% Rhod- 
amine B) prior to electrophoresis. The gel was viewed on a UV- 
transilluminator, following SDS-PAGE and the protein profile 
was recorded using a gel documentation system. The gel was 
electrotransferred and following transfer the membrane was 
viewed on a UV-transilluminator as before. In addition, this 
membrane can be processed further for immunodetection with- 
out any interference by the background stain. The protein pro- 
file can be monitored as the gel runs and can be seen on the 
nitrocellulose membrane following electrotransfer. This elimi- 
nates the need to run individual gels for protein staining on the 
gel and for western blot analysis. 



10. Renaturation 
of Calcium/Cal- 
modulin-Depend- 
ent Protein Kinase 
Activity After 
Electrophoretic 
Transfer from 
Sodium Dodecyl 
Sulfate-Polyacr- 
ylamide Gels to 
Membranes 



Detecting enzyme activities in crude or purified preparations 
has been performed by in situ renaturation of proteins following 
separation by sodium dodecyl sulfate -polyacrylamide gel electro- 
phoresis (SDS-PAGE). Removal of SDS from the gel by extensive 
washing has been used to allow renaturation of the proteins and 
detection of enzyme activity in activity gels or gel overlay pro- 
tocols. Electroblotting of proteins separated by SDS-PAGE to 
nitrocellulose or PVDF membranes prior to denaturation, rena- 
turation, and phosphorylation in situ has been a further refine- 
ment to this approach. 

Shackelford and Zivin (24) have used a protocol to rena- 
ture calcium/calmodulin- dependent protein kinase following 
transfer to PVDF membranes. Following transfer to PVDF, 
the proteins bound to the membrane were denatured first in 
a denaturing buffer. The membrane is rinsed and incubated in 
a renaturation buffer for around 16 h (with gentle rocking). 
This was followed by a brief incubation with Tris-HCl. Func- 
tional assays were carried out following this. The authors have 
used this system to identify autophosphorylation of a subset 
of bound kinases. They also find that the membrane can also 
be used for immunoblotting, phosphoamino acid analysis, or 
peptide mapping following the in situ renaturation and phos- 
phorylation procedure. 
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1 1 . Detection of 
Glycoproteins 
in Polyacryla- 
mide Gels and on 
Electroblots Using 
Pro-Q Emerald 488 
Dye, a Fluorescent 
Periodate Schiff- 
Base Stain 



Oligosaccharides are co- or posttranslationally attached to proteins, 
commonly by a number of glycosidases and glycosyltransferases. 
Cell surface proteins and extracellular matrix proteins are espe- 
cially rich in sugar moieties. Glycosylation of proteins is vital to 
growth control, cell adhesiveness, cell migration, tissue differen- 
tiation, and inflammatory reaction cascades. Changes in the pro- 
files of glycosylation are often useful indicators for the assessment 
of disease states. There have been only relatively few methods 
available for direct analysis of glycoproteins transferred to mem- 
branes. 

Reacting carbohydrate groups by a periodate/Schiff's base 
(PAS) mechanism and noncovalent binding of specific carbohy- 
drate epitopes using lectin- based detection systems have been the 
two most widely utilized methods for the detection of glycopro- 
teins on blots. In the PAS method the carbohydrate groups are 
oxidized followed by conjugating with a chromogenic substrate 
(Alcian Blue, acid fuchsin), a fluorescent substrate Pro-Q Emer- 
ald 300 dye, dansyl hydrazine, 8-aminonapthalene-l,3,6-trisul- 
fonate, or a biotin hydrazide or digoxigenin hydrazide tag. In 
the case of the chromogenic and/or fluorescent conjugates the 
signal is detected directly and in the case of the tags it is detected 
indirectly using enzyme conjugates of streptavidin or antibodies 
to the tags (25). 

Pro-Q Emerald 300 dye is a fluorescent hydrazide excit- 
able at 300 nm that was reported by Steinberg et al. (26) not 
too long ago. This dye is suitable for the sensitive direct fluo- 
rescence detection of glycoproteins in gels or on electroblots 
without using enzyme amplification systems. However, this 
dye does not have a visible excitation peak and therefore the 
glycoproteins cannot be visualized using laser-based gel scan- 
ners. Therefore, a new fluorescent hydrazide dye named Pro-Q 
Emerald 488 with an excitation maximum of 510 nm and 
emission maximum of 525 nm was developed by this group. 
This dye is also linked to glycoproteins through the standard 
PAS conjugation mechanism. The glycols in glycoproteins are 
oxidized initially to aldehydes with the use of periodic acid. A 
fluorescent conjugate is generated as the dye reacts with the 
aldehydes on the glycoproteins. In this procedure, there is no 
requirement for a reduction step with sodium metabisulfite 
or sodium borohydride to stabilize the resulting conjugate. 
Differential display maps of protein glycosylation and expres- 
sion levels are easily generated using computer-assisted overlay 
techniques (25). 
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12. Development 
of Rapid One-Step 
Immunochromato- 
graphic Assay 



In the past, most immunoassays have been performed in labora- 
tories possessing tools and devices for analysis and this has been 
customarily performed by skilled personnel. Instantaneous exam- 
ination of alterations in one's own physical symptoms or health 
status is preferred increasingly. Future health care systems may 
have self- tests done at home as an integral part. The pregnancy 
test, based on the rapid detection of human chorionic gonado- 
tropin in urine by just adding urine to the test kit, was the first 
successful commercial kit. 

The novel concept of immunochromatographic assay that 
depends on the transport of a reactant to its binding partner 
immobilized on the surfaces of the membrane has been used to 
achieve the speed and convenience of the test. The transport is 
brought about by the capillary action of aqueous medium through 
membrane pores, and therefore, this transport also separates the 
unbound reactant from the binding complex formed at the liq- 
uid-solid surface. The immunochromatography assay provides a 
way for carrying out the test without the handling of reagents 
(that is, permitting a one-step assay) in addition to speeding up 
the analytical procedure. 

Consequently, the assay may be carried out at places where 
the specimen is collected rather than at a specialized location. 

Immunochromatography can be used for both qualitative 
and quantitative analyses. Since the analytical system was first 
developed for on-site determination of pregnancy, it has been 
made as an on/off format without adopting a signal detector. 
In this current model, two antibodies binding distinct epitopes 
on an analyte are utilized. One antibody (detection antibody) 
is labeled with a signal generator (e.g., latex beads), gold col- 
loids, and the other antibody (capture antibody) is immobilized 
onto solid surfaces. The labeled antibody is kept in a dehy- 
drated state within a glass-fiber membrane in such a way that 
it can be dissolved immediately upon contact with an aqueous 
medium containing the substance to be measured (analyte). 
The antibody then takes part in the binding reaction to form 
a complex with the analyte in the liquid phase. This antibody- 
analyte complex moves forward in a continuous fashion until 
it is ultimately captured by the antibody immobilized on the 
surface of the nitrocellulose membrane. The membrane with its 
uniform pores provides a liquid-solid interface for reproducible 
antigen-antibody binding. The two membranes (with immu- 
noreagents) are excised into strips and are attached in length 
contiguously and a cellulose membrane is present at the top 
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to bring about a contiguous wicking that permits the immune 
complex to be pulled to the immobilized antibody. Within 10 
min a color signal can be read, the intensity determining the 
amount of analyte (27). 



13. Unmasking of 
Phosphorylation- 
Sensitive Epitopes 
on p53 and Mdm2 
by a Simple West- 
ern-Phosphatase 
Procedure 



Several cellular proteins become phosphorylated either con- 
stitutively or in response to a number of regulatory signals. 
Sometimes, this phosphorylation can happen on a part of 
an epitope recognized by a monoclonal antibody, leading 
to decreased immunoreactivity or total lack of binding by 
the antibody. To solve this, the extract or the immunopre- 
cipitated sample has been treated with phosphatase prior to 
SDS PAGE. 

Maya and Oren (28) describe a simple procedure in which 
the phosphatase treatment is carried out on the nitrocellulose 
membrane following western blotting. This procedure can be 
used before the use of any antibody whose epitope is known to 
be altered as a result of phosphorylation. 

The nitrocellulose membrane, following protein transfer, 
was rinsed briefly with double -distilled water and incubated with 
phosphatase buffer containing calf intestinal alkaline phosphatase. 
The membrane was then washed and blocked prior to normal 
immunodetection. The authors found better detection of specific 
epitopes using this procedure. 



14. Glutaralde- 
hyde Fixation of 
Calmodulin to 
Nitrocellulose to 
Improve Immuno- 
detection 



Low molecular weight proteins such as calmodulin can be detected 
more efficiently by cross -linking to nitrocellulose using glutaral- 
dehyde. Samples are dot blotted onto nitrocellulose membrane. 
The membrane is then incubated with 0.2% glutaraldehyde for 
15-20 min at room temperature. Following fixation the mem- 
brane is rinsed briefly with Tris- buffered saline and subjected to 
immunodetection (29). 
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15. Concentrat- 
ing Protein Sam- 
ples for Sodium 
Dodecyl Sulfate- 
Polyacrylamide 
Gel Electrophore- 
sis and Isoelectric 
Focusing Using 
Protein-Blotting 
Membranes 



A crucial limiting factor for successfully analyzing a biologi- 
cal sample electrophoretically is the protein concentration. 
Increasing protein concentration is not easy and several meth- 
odologies have been used for this purpose. However, they are 
often not satisfactory, require special equipment or the use of 
hazardous chemicals. Liang et al. (30) report a simple method 
for concentrating dilute protein samples. Their method con- 
sists of absorbing proteins onto protein-blotting membrane 
strips. They incubate blotting membrane strips in dilute pro- 
tein solutions to capture proteins. Then they loaded the pro- 
tein-absorbed membrane strips directly into the sample wells 
containing a strong protein elution buffer (for either sodium 
dodecyl sulfate -polyacrylamide gel electrophoresis (SDS- 
PAGE) or isoelectric focusing (IEF), carried out according 
to standard techniques). In this manner the authors were able 
to successfully concentrate protein samples for SDS-PAGE or 
IEF. 



16. Treatment of 
Nitrocellulose 
Blots to Improve 
Detection 



Numerous proteins bind strongly to nitrocellulose under dif- 
ferent experimental conditions. However, milk (31), Triton 
X-100 (32), Nonidet P-40 (33), and Tween 20 (34) have all 
been shown to remove bound proteins. Milk, however, has been 
generally used to block unoccupied sites on the nitrocellulose 
membrane and thus prevent unspecific binding. Hoffman et al. 
(34) have shown that the sensitivity of nondenaturing blots can 
be increased by soaking the membrane in acidic buffer after the 
transfer. The authors showed that following exposure to acidic 
buffer, milk- stripping of antibody from membrane was com- 
pletely eliminated. 
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Sending Secret Messages on Nitrocellulose Membrane 
and the Use of a Molecular Pen for Orientation 
in ECL Membrane Assays 

Biji T. Kurien 



Summary 

Invisible ink and writing secret messages have been part of man's fantasy, having proven useful in clan- 
destine and high sensitivity areas. Security inks, made up of invisible materials that give printed images 
that cannot be photocopied, that can be read only under special environments have become important. 
An ink formulation based on silicon (IV) 2,3-naphthalocyanine bis(trihexylsilyloxide) as colorant, invis- 
ible to the naked eye but infrared readable, has been described earlier. Biometric DNA ink has also been 
developed for security authentication. In lighter vein, many budding scientists and others have often 
experimented with writing secret messages on paper, either for purposes of fun or actually sending secret 
messages to friends. It involved the use of lemon juice, milk, or other solutions that could be used with 
a dip pen, brush, or a fountain pen to write invisible messages on a blank white paper. Words turn up as 
though by magic when the paper is exposed' to heat in one form or the other. Here, an attempt is made 
to end this book on a slightly humorous note by showing that invisible messages can be written on nitro- 
cellulose membranes (but not on polyvinylidene difluoride membranes) using an appropriately diluted 
horseradish peroxidase/alkaline phosphatase anti-IgG conjugate (rabbit, mouse, or human anti-IgG). 
The message is written on the membrane, preferably with a fountain pen, and the membrane is allowed 
to dry. Regular detection with enhanced chemiluminiscence (ECL) plus or nitro blue tetrazolium/5- 
bromo-4-chloro-3-indolyl phosphate systems is used to unravel the secret message. In addition, this 
method could be used to mark nitrocellulose membranes for orientation purposes using ECL detection 
system and thus can eliminate the use of autoradiography pens. 

Key words: Nitrocellulose membrane, Secret message, Invisible ink, Molecular pen, ECL detection, 
Autoradiography pens 
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1. Introduction 



Dr. Harry Towbin recollects his memories associated with his 
finding of protein transfer thus "I felt like a child that reveals 
secret messages written in invisible ink by holding a sheet of 
paper over a flame" (see Chapter "Origins of protein blotting"). 
Writing secret messages has been a fancy of several youngsters. 

Lemon juice, milk, and other solutions have been used as 
invisible ink and applied to plain white paper using fountain pens, 
dipping pens, or even toothpicks. The brown-colored messages 
appear as if by magic, when the paper is exposed to heat. Other 
types of invisible inks are available that appear only under the use 
of specific conditions (use of ultraviolet or infrared lights). 

Security inks, made up of invisible materials that give printed 
images that cannot be photocopied, that can be read only under 
special environments have become important. Kishimura et al. 
have reported the use of a novel photoluminescent ink for rewri- 
table media that emits phosphorescence dichroically owing to 
a structural bistability of the self- assembled luminophore (1). 
Using conventional thermal printers long-lasting images have 
been developed (readable only by exposure to ultraviolet light) 
that are thermally erasable for rewriting (1). An ink formulation 
based on silicon (IV) 2,3-naphthalocyanine bis(trihexylsilyloxide) 
as colorant, invisible to the naked eye and infrared (IR) read- 
able, has been described earlier (2). In contrast to the currently 
used mechanism of excitation and fluorescence detection, this ink 
formulation is based on absorption and reflection of light in the 
infrared (absorbing strongly at 790 nm with highly transmitting 
characteristics in the visible). 

Biometric DNA ink has also been developed for security 
authentication. Hashiyada (3) describes the development of 
DNA ink, using synthetic DNA mixed with printing inks. DNA 
fragments (single -stranded) encoding a personalized set of short 
tandem repeats (STR) were made. Owing to the high discrimi- 
nation power of STRs, it has become possible to use them for 
biometric personal authentication systems. 

Here it is shown, using diluted horseradish peroxidase conju- 
gate as the invisible ink, that it is possible to write secret messages 
on nitrocellulose membrane (and not on PVDF membrane) that 
can be easily developed by ECL (Fig. 1) or NBT/BCIP (Fig. 2). 
The entire procedure can be carried out within 10 min in the case 
of development with NBT/BCIR The fountain pen filled with 
the conjugate can be used as a substitute for autoradiograph pens 
that are available for purchase. 
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Fig. 1. Sample messages written on nitrocellulose with the invisible ink and developed 
using ECL plus. The invisible ink was concocted by diluting horseradish peroxidase con- 
jugated (1 :500) anti-rabbit IgG. Molecular weight markers on a nitrocellulose membrane 
can be marked directly on a membrane as dashes shown on the left. The messages 
were written with a fountain pen containing the invisible ink and developed directly 
using ECL plus. 
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Fig. 2. Sample messages written on nitrocellulose with the invisible ink and developed 
using NBT/BCIP. The invisible ink was concocted by diluting alkaline phosphatase con- 
jugated (1 :500) anti-rabbit IgG. The message was written with a fountain pen containing 
the invisible ink and developed directly using NBT/BCIP. The whole procedure could be 
done in 7 min or less. 

Thus, any horseradish peroxidase or alkaline phosphatase 
conjugate could be used as an invisible ink to send secret messages 
or as a marker for orientation purposes in ECL detection assays. 
The advantage in using a fountain pen filled with this invisible 
ink is that molecular weight markers can be marked on the mem- 
brane directly (either the molecular weight in kD or just as a 
dash spanning the width of the marker). The mark can be made 



576 



Kurien 



directly on the membrane compared with the mark that needs to 
be made on a sticky tape using autoradiography pens. 



2. Materials 



1. Nitrocellulose membrane (Bio-Rad, Hercules, CA, USA). 

2. Polyvinylidene difluoride (Bio-Rad). 

3. Anti-rabbit IgG horseradish peroxidase conjugate (Jackson 
ImmunoResearch, West Grove, PA, USA). 

4. Anti-human IgG horseradish peroxidase conjugate (HRP) 
(Jackson ImmunoResearch). 

5. Anti-rabbit IgG alkaline phosphatase conjugate (Jackson 
ImmunoResearch) . 

6. ECL plus kit (Amersham/GE Healthcare, Piscataway, NJ, USA). 

7. NBT/BCIP (Nitro blue tetrazolium/5-bromo-4-chloro-3- 
indolyl phosphate) (KPL Protein research products, Gaith- 
ersburg, MD, USA). 

8. X-ray film: 8 x 11 in. Kodak Biomax Film (Sigma Chemical 
Company, St. Louis, MO, USA). 

9. Fountain pen. 

10. Autoradiography marking pens (Midsci, St. Louis, MO, USA). 

11. Saran wrap. 

12. Timer. 



3. Methods 



3.1. Writing the 
Message 



1. Cut a nitrocellulose or PVDF membrane to the required size. 

2. Remove the top flap covering the membrane. 

3. Dilute conjugate 1:500 with water in a microcentrifuge tube 

(see Note 1). 

4. Spin the microcentrifuge tube at 10,000 x $ for 1 min (see 
Note 2). 

5 . Save the supernatant. Aspirate into a fountain pen using the 
self- filler (see Note 3). 

6. Write message on the membranes (see Note 4). The writing 
will diffuse well into the nitrocellulose membrane but not 
into the PVDF membrane (see Note 5). 
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3.2. Marking Molecular 
Weight Markers with 
the Invisible Ink 



7 '. Let the membrane dry. It should dry within 5 min on nitro- 
cellulose membrane {see Note 6). 

1 . Run sodium dodecyl sulfate polyacrylamide gels {see Chapter 
"Non-electrophoretic bi-directional transfer of a single SDS- 
PAGE gel with multiple antigens to obtain twelve immuno- 
blots") with molecular weight standards. 

2. Transfer to nitrocellulose membrane {see Chapter "Detection 
of La/SS-B by Western Blot Using Nanogold- Tagged Anti- 
bodies and Silver Enhancement"). 

3. If using ECL plus system to detect antigens, fill up the foun- 
tain pen with the invisible ink (1:500 dilution of HRP conju- 
gate). Mark each molecular weight marker (along the width 
of each marker; see Fig. 1) as a thin dash {see Note 7) (nor- 
mally the membrane is fixed to a flat surface such as a used 
X-ray film via sticky labeling tapes, and orientation marks are 
made on these tapes using an autoradiography marking pen) 
{see Note 8). Let the membrane dry. 

4. Develop the membrane with ECL plus {see Subheading 3.3). 



3.3. Detection with 
ECL Plus 



1 . Make sure that the X-ray machine is warmed up prior to use. 
Otherwise, one would have to wait 15 min for the machine 
to warm up. 

2. Take the membranes, Saran wrap, pipettes, pipette tips, con- 
tainer for membrane, X-ray film, glass tube (10 mL), and 
timer to the X-ray developing room. 

3. Turn on the regular lamp in the X-ray development room. 

4. Mix the ECL plus solution A and B (40:1) in a 10 mL glass 
tube or in a small container that is small enough to fit the 
membrane. 

5 . Place the nitrocellulose membrane in the container and swish 
the solution continuously over the membrane for 5 min {see 
Note 9). 

6. At the end of 5 min the excess ECL plus solution is removed. 

7. Place Saran plastic wrap, roughly three times the size of the 
membrane on the workbench. 

8. Place the membrane in the middle of the Saran wrap. The 
right side end of the plastic wrap is folded over the mem- 
brane to the left (the entire membrane should be covered 
with Saran wrap) {see Note 10). 

9. Ensure that the surface of the workbench, in the X-ray devel- 
oper room, is not moist. 

10. Turn off the regular light and turn on the safety light (red 
light). Close eyes for a few moments prior to turning off the 
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regular light and also after turning it off so that one's eyes 
will get acclimatized to the darkness faster. 

11. Open film box, retrieve a film, and close the box {see 
Note 11). 

12. Expose the film to the membrane. A 30 s exposure gave good 
results for 1:500 dilution of the conjugate (V^Note 12). 

13. Develop the film. Place the film against the left wall of the 
feeder of the X-ray developer. This way the film will travel in 
a straight line as it slides into the machine. 

14. Re -expose another film (for 1 min) to the membrane if signal 
is not strong enough {see Note 13). 

15. Repeat the ECL plus and X-ray film exposure for the PVDF 
membrane (.$•££ Note 14). 

16. Scan to save image {see Fig. 1). 

3.4. Detection with 1 . Once the message is written with the alkaline phosphatase 

NBT/BCIP conjugate ( 1 :500 dilution), allow it to dry. It should take less 

than 5 min for this. 

2. There is no need to wash the membrane. 

3. Add 10 mL of NBT/BCIP mixture and swish it over the 
membrane {see Note 15). 

4. The message should appear in a few minutes. Wait till the 
development is complete and then rinse with deionized 
water {see Note 16). 

5. Scan to save image {see Fig. 2). 



4. Notes 



The conjugates were diluted 1:100, 1:500, and 1:1,000 for 
rabbit and human horseradish peroxidase conjugates, and it 
was found that 1:500 gave good results. The 1:1,000 dilution 
also gave good results but required slightly longer exposure 
timings. There was significant difference between the rabbit 
and human conjugates. No buffers were checked as diluent. 

The timer was set at 1 min and 15 s to obtain a 1-min cen- 
trifugation at 10,000 x £f. The sample was spun to ensure 
that the fountain pen does not get clogged from any pre- 
cipitate that might be found in the conjugates. However, in 
subsequent experiments the samples were used without cen- 
trifugation and there was no clogging of the fountain pen. 

The fountain pen that we used did not aspirate sufficiently 
enough and therefore it had to be filled multiple times just 
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to ensure continuous flow of the conjugate. Therefore, when 
selecting a pen it would be a good idea to first check whether 
it could pick up enough fluid (if the fountain pen is a self- 
filler/suction filler). 

4. Try to write with an even speed. Writing fast does not work 
very well. Writing slowly ensures even flow of the conjugate 
(this also depends on the type of fountain pen used). If it is 
too slow, there would be a higher diffusion of the conjugate 
into the membrane. This is something that will work better 
with practice. Figures 1 and 2 were done in the hurry toward 
the last days of editing this book. Drawing caricatures was also 
attempted. However, the data are not shown here. 

5 . It takes much longer for the conjugate to dry on the PVDF 
membrane. It may be possible to make the conjugate to 
diffuse into the PVDF membrane. Diluting the conjugate in 
a 20% methanol solution may work in making the invisible 
ink to diffuse. However, studies should be undertaken to 
find out the level of methanol that would be tolerated and 
allow the horseradish peroxidase to remain active. 

6. Care needs to be taken not to use pressure to write. If the pen 
nib is pressed too hard against the membrane, as the words 
are written, the impression of the words will be seen on the 
membrane and the message will not be a secret anymore (it 
is not very easy to figure out the message, even if pen impres- 
sions are seen). Control experiments were carried out using 
the fountain pen filled with just water to see if any back- 
ground writing would be detected (resulting from pressure 
marks of the fountain pen nib). The results were negative 
(data not shown). There is no need to wash the membrane 
to wash away unbound or loosely bound conjugate. 

7. Identifying molecular weight is a bane in ECL plus detection 
system. The nitrocellulose membrane will first have to be ori- 
ented with respect to the marks on labeling tape using auto- 
radiography marking pens. Then they will have to be carefully 
overlaid over the developed X-ray film and the markers are 
marked on the film. This problem can be averted if marks 
could be made directly on the molecular weight marker using 
the invisible ink described in this chapter. 

8. Autoradiography marking pens (http://www.midsci.com/ 
docs/op t/autoradiography_pens. html 1) are expensive, costing 
$62 per pen. One milliliter of undiluted conjugate costs only 
around $80. Dilution at 1:500 (8 cents) is enough for mark- 
ing membranes for a long time (we have not tested the lon- 
gevity of the diluted conjugate yet). Besides, autoradiography 
pens are to be used on labeling tapes, whereas the invisible 
ink described here could be used directly on the membrane 
and also used to mark molecular weight markers. 
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9. An alternate way to save on ECL plus solution is to place the 
membrane on a piece of Saran wrap that is about three times 
the size of the membrane. Pipet 2 mL of the ECL mix onto 
the membrane. Aspirate the mix back into a plastic Pasteur 
pipette and back into the membrane. Repeat this for 5 min 
covering the entire area of the membrane. 

1 . The plastic wrap can be gently lowered on the membrane in such 
a way that it will not form wrinkles on top of the membrane. 
Even if it does form it can be pressed away with the fingers. 

1 1 . Unwrap one film from the film box under the safety light, and 
close the box (make sure the opening of the film bag in folded 
and facing the inside part of the box as the box is closed). 

12. Place the left upper corner of the film over the membrane 
for few seconds. One can time with a timer or can time it 
mentally if exposure time is short. Press with hand and keep 
it immobile. Move the film so that the right upper corner of 
the film is over the membrane. Let it sit immobile for twice 
the time taken initially. Similarly repeat for the left lower cor- 
ner and right lower corner, increasing the time of exposure 
two -fold each time. The film should be kept immobile each 
time. Another way would be to fix the membrane inside a 
Kodak X-ray exposure holder using Scotch tape (rather than 
placing the membrane on the workbench) and expose to 
X-ray film inside the holder. A 14 x 17-in. holder can be 
used if the film needs to be exposed to the membrane in 
four different corners (to get four different autoradiograms 
in one 8 x 11 -in. film). 

13. The exposure time would depend upon the manner in 
which the message is written. If it was written uniformly 
then a short exposure time would work. If some words 
are written faster than other words, then the signal would 
be lower in areas that were written faster (see Fig. 1). 
Writing at the right speed is a must to generate a visually 
appealing message. Again it will depend on the type of 
fountain pen used. 

14. PVDF membrane behaves in a manner opposite to nitrocel- 
lulose membrane. The signal obtained is not good. However, 
if the ECL plus solution is retained on the membrane and 
the Saran wrap in enveloped over it the X-ray film exposed 
on the membrane reveals portions of the message. The signal 
appears as a negative against a positive background (the mes- 
sage appearing blank and the surrounding area covered by 
the ECL plus solution appearing dark). However, the clarity 
of the message is poor. 

15. The NBT/BCIP mixture is stored at 4°C. It would acceler- 
ate the reaction if the required volume is brought to room 
temperature prior to adding to the membrane. 
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16. The loosely bound (to the membrane) AP conjugate can be 
seen coming off as purple particles. This could be avoided 
by rinsing the membrane briefly with deionized water. How- 
ever, it is not necessary to wash the membrane as the mes- 
sage develops strongly in a minute or two. 
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35, 55, 105, 115-116, 134, 151-152, 181, 
187, 191, 231, 296, 302, 308, 333, 389, 399, 
407, 420, 421, 445, 452, 454, 487, 494, 522 

Secret messages on membrane 573 

Semi-dry blotting 229,381 

Sequential use of immunoblots 293 

Shift-Western blotting 24 

Silver enhancement 491 
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Silver staining 31, 125 

Slice blotting 67 

Sodium azide 47, 80, 161, 184 

HRR 126 

Southern EM 2-3, 9 

Square wave alternating voltage, protein 

transfer 375 

Strip immunoblotting 191 

Strip immunoblotting chemiluminescence 424 

Systemic lupus erythematosus 40, 46, 300, 484 

La autoantigen (SS-B) 294, 300, 454, 491 

Ro 60 autoantigen (SS-A) 40, 46, 60, 

193, 424, 426 

T 

Teflon tape for N-and C-terminal sequencing 368 

3,3 ,5,5 -Tetramethyl-benzidine (TMB) 467, 470. 

See also Enzyme substrate; HRP 

Thin-layer chromatography (TLC) blot 545 

Tissue printing 75 

Tissue slice preparation, brain 70 

Total cell lysates 253 

Total lane intensity 104,105,111,112 

Towbin, H., 1 

protein blotting 1 

Towbin system 15-16 

Transfer (protein) 

bidirectional transfer 55 

electrophoretic 181-182, 535 

electrophoretic transfer (heat mediated) 181, 187 

non-electrophoretic 18, 55, 59, 60, 420 

semi-dry protein transfer 229 

setting 16 

simple diffusion 17 

Transfer of paraffin embedded tissue 139 

Transmission densitometry 378 

Trypsin. S^Tryptic peptide purification 

coated membrane 379, 380 

digestion during transfer 379, 380 



Tryptic peptide purification 39 

Two dimensional gel electrophoresis 23, 165, 519 

Two-dimensional oxyblot 557 

u 

Ultrarapid electrophoretic transfer 181 

Ultrasound blotting 173 

V 

Vacuum blotting 19 

Visualization of unstained antigens 

onPVDF 527 

V8 protease digestion 168 

w 

Washing of immunoblots 562 

Web address for cationic buffers 124 

Web address for stacking buffer 116 

Western blot stripping 293, 424 

Western blotting. See Burnette; Protein blotting;; 

Towbin 
Western blotting buffers 

CAPS buffer 15 

Towbin system buffer 15 

Western-phosphatase 568 

Whole membrane chemiluminescence 420 

Whole membrane immunoblotting 417, 420 

X 

X-ray film 

cassette 422 

development 578 

exposure 422,430,580 

Z 

Zetabind (ZB) nylon 14 

Zymography 15, 24 



